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ABSTRACT
Despite multiple calls to action, the United States educational system is not producing
enough viable contributors in the areas of science, technology, engineering, and mathematics
(STEM). These fields continue to grow, and the STEM workforce continues to expand.
However, the pool of citizens prepared to enter these professions is not keeping up with the
demand. Part of this issue can be attributed to a diminishing interest in STEM by students,
particularly during their identity forming adolescent years. Active learning strategies have
proven successful in preventing this decline with project-based learning (PBL) being one of the
most successful active learning strategies.
In this study, STEM identity and engagement were measured for seventh grade students
over the course of five months with a survey being administered prior to a PBL intervention,
immediately after the intervention, and three months following the intervention to assess if there
were perceived changes to both of these constructs over time. Results indicated that participation
in a PBL unit had perceived effects on STEM identity but not engagement. More specifically,
participants showed significant improvements in the areas of self-recognition and recognition by
others. By engaging in the PBL intervention, students reported that they more closely aligned
themselves with STEM and believed others also saw them more as “STEM people.” No
significant changes were found for engagement over the course of the study. A discussion of
these results is followed by limitations of this study and implications for future research.
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CHAPTER 1: STATEMENT OF THE PROBLEM
Despite many proposed changes, updated standards, and programs implemented in the
past, the state of STEM education continues to necessitate major changes. A 2021 report from
the US National Science and Technology Council stated that more work must be done to further
prepare citizens to join the STEM workforce. The report places blame on the educational system
while recommending that STEM teaching, learning, and assessment be based on real world
STEM challenges that engage student by drawing on knowledge and methods from across
disciplines by promoting initiative and creativity. Many people who want to pursue a STEM
education in college are ill-prepared by their secondary school (National Science and
Technology Council, 2021). However, the demand for STEM graduates remains extremely high
(ACT, 2016). The European Commission set a goal in 2011 of adding one million science
researchers by 2020, and in 2012 President Barack Obama set a target of one million new STEM
graduates by 2025.
According to the third annual US News/Raytheon 2016 STEM Index, the US continues to
have a shortage of STEM professionals despite an increase in the number of STEM degrees. A
Census Bureau report showed that approximately 74% of college graduates with STEM degrees
are opting for non-STEM jobs such as social work, law, and education. This is occurring even
though STEM graduates are the most in demand and earn higher salaries than their non-STEM
counterparts. The demand for STEM professionals is growing as the US economy transitions
from an industrial-dependent economy to a more focused, technological-based one (US
Department of Commerce, 2017).
The National Math and Science Initiative (NMSI), an organization that was formed in
2007 with the mission of improving student performance in STEM, reported that only 36% of
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high school graduates are prepared to pursue a college-level science course. Only 18% of twelfth
grade students are performing at or above proficiency in math and science nationally. They point
out that while science and technology are burgeoning globally, the number of American
engineers and physical scientists graduating has declined by 20%. The number of US citizens
receiving PhD’s in engineering has declined by 34%, and the number receiving bachelor’s
degrees in engineering has declined by 18%. Additionally, two-thirds of the students receiving
PhD’s in engineering in US universities are non-US citizens. The NMSI has uncovered some
other troubling data during their research as well. The federal government’s investment in
physical sciences has been stagnant for the past 20 years with investment in biological sciences
on the decline. Furthermore, approximate 60% of US Patents in information technology now
originate in Asia.
Educational data regarding STEM has also been discouraging. The Programme for
International Student Assessment placed the US as the 38th out of 71 countries in math and the
24th in science (PISA, 2015). These numbers have improved slightly since. While the US has
increased to tenth in science, students placed 32nd in mathematics with a mean score of 482,
below the global average score of 492 (PISA, 2018). The most recent Trends in International
Mathematics and Science Study (TIMSS) from 2019 showed a large score gap between the top
and bottom performing students in both mathematics and science, and these gaps have increased
since prior TIMSS administrations. In science, US average scores show no significant changes
over the long term (from 1995 through 2019) or the short term (from 2015 through 2019) at the
eighth-grade level. At the fourth-grade level, the US average score in science has decreased from
the previous administration in 2015.
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The gender gap within professional communities and education must be addressed when
considering the current state of STEM. Although women have made progress in education and
the workforce over the last 50 years, men continue to dominate STEM fields (Martinez &
Christnacht, 2021; NCES, 2020). A smaller portion of women than men are earning STEM
degrees; despite making up the majority of college graduates, they represent far less than half of
graduates within STEM (Fischer, 2017; Kahn & Ginther, 2017). Women are one of the least
represented groups within STEM with their participation in these professions at 28% (GarcíaHolgado et al., 2019; UNESCO, 2018). Martinez and Christnacht (2021) supported these
findings in their longitudinal analysis of the US workforce from 1970 through 2019. They
discovered that although the proportion of women increased from 38% to 48%, their
representation in STEM fields increased from 8% to only 27% over that same time period. This
percentage is even lower than the 36% of STEM bachelor degrees being earned by women which
shows a leak in the STEM pipeline as they move from academic settings into the workforce
(NCES, 2020). The STEM gender gap is one of the main causes of the gender wage gap as men
and women sort themselves into different majors and corresponding occupations with higher
paying STEM fields being dominated by men (Blau & Kahn, 2017). In the US and Canada,
about 20% of the wage gap between younger college-educated men and women can be explained
by the gender gap in STEM degrees suggesting that the gender gap in STEM in important to
understanding the disparity in earnings between men and women (Card & Payne, 2017). All of
this information supports the notion that the gender gap in STEM must be studied when
performing research within STEM education.
Finding ways to close this gender gap is essential. Research has shown that increasing
gender diversity in STEM can lead to more effective problem-solving and improved innovations
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within the field. It can also have long-term effects on both gender equality and economic
development (Kahn & Ginther, 2017; World Economic Forum, 2017). A driver of this gap is the
distinctive gendered academic and social experiences girls and boys have which can encourage
of discourage their interests within STEM (Eddy & Brownell, 2016; Stearns et al. 2020). GarcíaHolgado and García-Peñalvo (2022) found that multiple changes must be made in order to bring
more females into STEM fields including changes in perceptions, attitudes, behaviors, social
norms, and stereotypes towards women in STEM, engagement of girls and young women in
STEM primary and secondary education, and further promotion of research on the STEM gender
gap. Work in early education is vital as evidence shows that early, positive involvement in an
academic field contributes to deeper student engagement and interest (Chen 2013; Cruce et al.,
2006).
New Approaches to STEM Education
One possible way to address the need for STEM graduates, and to improve STEM
performance, is to provide more engaging pedagogy with STEM subjects in elementary, middle,
and secondary schools. While the National Science and Technology Council (2021) recently
made such a recommendation, the concept that significant learning is acquired through doing has
been a longstanding belief within education (Rogers, 1969). More recent research has begun to
focus more on active learning strategies and their benefit over passive learning strategies. Active
learning can be defined as learning that consists of course-related individual or small-group
activities, that all students in a class are called upon to do, interspersed with instructor-led
intervals in which student responses are processed and new information is presented (Felder &
Brent, 2009). Students generally retain much more of what they reflect on and actively engage
with than information they receive passively, such as during a traditional lecture, which supports
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the effectiveness of active learning strategies (Felder & Brent, 2009). Students with a larger role
in their own education and learning, also known as a student-centered approach, display greater
levels of motivation to participate in their future learning which can motivate them to recognize
the value of their personal input in the educational process (Rissanen, 2014). Active learning
leads to an increase in examination performance that would raise the average student’s grade by
half a letter, and failure rates under traditional lecturing are 55% higher than those observed
under active learning approaches (Freeman et al., 2014).
Research suggests that abandoning traditional lecturing in favor of active learning
approaches would increase the number of students receiving STEM degrees (Freeman et al.,
2014). Much more consideration should be given to how information can be communicated in a
more meaningful, student-centered way, how problem-solving and reasoning can be supported
within a creative educational space, and how students can become more intrinsically motivated.
The fundamental tenets of active learning include asking or posing a problem or course-related
issue, having students work individually or within small groups to come up with a solution or
response, allowing them the freedom and time to do this, and then allowing one or more students
to share their responses or solutions (Felder & Brent, 2009).
One approach to active learning within classrooms is project-based learning (PBL). PBL
can be defined as a constructivist approach to learning that assists students in gaining a deeper
understanding of materials through process-oriented engagement in investigation of real,
meaningful problems wherein students respond to a driving question, explore the question in
situated, authentic inquiry, collaboratively problem solve, are scaffolded to extend their learning
ability, and create a tangible product in response to the driving question (Krajcik & Blumenfeld,
2006). PBL builds upon the foundation of active learning by allowing students to build their
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knowledge and gain deep understanding by actively constructing their understanding by coming
up with and implementing ideas. Recently, PBL has received far-reaching support amongst many
K-12 educators and policymakers. Studies have found positive effects associated with the use of
PBL curricula in both STEM and social studies classes as well as positive effects on students’
engagement, motivation, and self-efficacy (Cantley et al., 2017). Based on this prior research,
this study focused on PBL as the chosen active learning strategy and used this strategy for its
intervention.
Over the past decade, there has been a pedagogical shift towards inquiry-based
instructional approaches in order to reduce attrition in STEM and to increase participation of
underrepresented minority students and women in these fields (NSF, 2019). This shift toward
inquiry learning has been driven by the need to improve STEM curricula at all levels of
education due to the concern that the United States remain globally competitive in STEM (NRC,
2011). Retention amongst undergraduates has been addressed in recent years through the
incorporation of active learning strategies, such as project-based learning (PBL), into STEM
curricula (Freeman et al., 2014). Research has supported the effectiveness of active learning on
student engagement and performance in STEM fields because these pedagogical approaches
provide mastery experiences that enhance student familiarity with professional activities and
positively affect student attitudes and motivation (Eccles & Wigfield, 2002; Graham et al. 2013).
The foundational tenets of active learning strategies are that they are student-centered and
inquiry-based approaches, a fundamental shift away from passive approaches such as attending a
lecture. Students in activity-based programs have been shown to perform up to 20% higher than
groups using traditional or textbook approaches, and hands-on learning positively impacts
children’s natural curiosity and problem-solving skills (Bredderman, 1982). Additionally, active
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learning effectively improves student learning and performance across STEM. A meta-analysis
of 225 studies across STEM disciplines showed the benefits of active learning approaches
relative to passive ones on outcomes such as academic performance. The effect was as large as a
half standard deviation improvement in exam performance across STEM fields, class sizes, and
course levels (Freeman et al., 2014). Overall, the benefits of PBL mirror those of active learning
in terms of increased performance and retention within STEM (Boaler, 1998; Torres et al.,
2016). Prior research, most of which has been done within post-secondary education settings,
also suggests that PBL approaches have a positive impact on student interest and self-efficacy
(Bilgin et al., 2015; Brown et al., 2013; Holmes & Hwang, 2016) while surveys of attitudes
about PBL have shown that students enjoy the experience of participating in authentic projects
and find value in the projects associated with PBL coursework (Sababha et al. 2016; Tseng et al.
2013).
Outside of higher education, there is relatively little research that directly assesses the
effectiveness of PBL; however, research that has been conducted suggests that PBL approaches
positively affect student performance and retention across elementary, secondary, and
postsecondary levels (Boaler, 1998; Holmes & Hwang, 2016; Thomas, 2000; Torres et al.,
2016). In a review of PBL research, Thomas (2000) notes a few examples comparing traditional
education to PBL stand out. In one study conducted in three Iowa elementary schools,
implementing PBL increased their IOWA Test of Basic Skills scores from “well below average”
to the district average in two of the schools and to “well above the district average” in the third.
Moreover, in three years, reading gains ranged from 15% in one school to over 90% in the other
two schools while the district average remained unchanged. Another study, conducted at an
inner-city Boston school implementing a new PBL program, found that eighth graders exhibited
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the second highest scores in the district on the Stanford 9 Open Ended Reading Assessment.
Similar findings at another school in the northeastern United States concluded that a middle
school using PBL showed significant increases in all achievement areas on the Maine
Educational Assessment Battery after only one year of implementation. These gains were three
to ten times higher than the state average gains on the exam.
For students, an important factor that positively affects their persistence and retention
within STEM is their STEM identity (Chang et al., 2014). STEM identity is the ability to see
oneself as the kind of person who could be a legitimate participant in STEM through one’s
interest, abilities, race, gender, and culture. It is the concept of fitting in within STEM fields,
specifically, the way individuals make meaning of science experiences and how society
structures possible meanings (Carlone & Johnson, 2007). STEM identity increases students’
motivation to pursue a STEM career and their overall sense of belonging within the field
(Carlone & Johnson, 2007; Meyers et al., 2012). Pursuing work in bolstering students’ STEM
identity is thus extremely important to encourage more students to pursue STEM in college and
eventually enter the STEM workforce. Unfortunately, the National Governors Association
(2010) reported that students’ interest in STEM decreases from elementary school to high school
for multiple reasons including lack of access to technology and high-quality instruction, lack of
role models in the field, and psychological barriers that make them hesitant in pursuing STEM
careers. Some students experience barriers which prevent them from pursuing STEM careers
because they do not see themselves as “STEM people” and do not develop STEM identities
(Fowler & Schreiber, 2017). Studies that have put students into active STEM roles have been
effective at showing increased STEM interest, engagement, and creating accurate perceptions of
what STEM roles really are (Stout et al., 2011), and research shows that identity change leads to
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academic motivation of content knowledge (Kaplan & Flum, 2012). As intervention studies have
been shown to have a positive impact on STEM identity and students’ interest in STEM fields
(Stout et al., 2011; Talafian et al., 2019) it is becoming increasingly important to pursue work
with children between elementary and high school that will increase their STEM identity thereby
their persistence within STEM disciplines.
PBL has emerged as a pedagogical option for potentially increasing students’ STEM
identity and interest, and recent research has explored these interventions (Barroso et al., 2016).
However, there has been little work done regarding the effects of PBL on students’ attitudes and
identities within STEM, and even less research has focused on the effect of PBL on student
career aspirations outside of the collegiate level. Although studies have suggested that there is a
positive effect of PBL on self-efficacy and career interest in postsecondary levels, results have
varied and much more work is needed within this area (Atadero et al., 2015; Bilgin et al., 2015).
The literature on the effectiveness of PBL is frequently limited to academic achievement and
occasionally, more recently, motivation and self-efficacy. Research assessing the impact of PBL
on middle school students’ STEM identity is virtually non-existent. Therefore, this study set out
to explore this topic.
The Current Study
This study looked to find a way to improve middle school students’ STEM identity and
engagement through the use of PBL. Specifically, a PBL intervention unit was employed with a
pretest, posttest, and third time point assessed three months later to see if there were sustained
changes or delayed changes following the posttest. It was believed that by improving students’
STEM identities during this critical identity forming time, they would be more likely to pursue
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further STEM studies and, potentially, become STEM professionals in the future. This study
used the following research questions:
1. What is the relationship between STEM identity and science engagement?
2. Are there differences between genders in STEM identity and science engagement at each
time point?
3. How does STEM identity change over time when middle school students participate in a
project-based learning unit?
a. What changes exist for this question by gender?
4. How does student engagement change over time when middle school students participate
in a project-based learning unit?
a. What changes exist for this question by gender?
It was hypothesized that students’ STEM identity and engagement would have a strong
relationship and both improve following the PBL intervention. Additionally, it was believed that
there would be a difference in STEM identity and engagement between genders at the pretest but
that this gap could potentially close over time. Finally, it was hypothesized that there would
either be sustained change over time between the second and third time points or potentially a
linear change across the three time points. The purpose of this third time point was to assess if
either of these scenarios would occur. In the next chapter, each of these constructs will be
discussed and background information will be given for each one. A logic model, which was
used to guide this research, will be presented to show how each idea is related to the others and
how they fit into the overall body of work. Finally, the research questions and hypotheses will be
restated.
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CHAPTER 2: LOGIC MODEL AND LITERATURE REVIEW
The National Science Board (2010) has called for research that will produce more STEM
workers and innovators can join STEM fields and improve society. Unfortunately, students are
not well-prepared to enter STEM careers (ACT, 2016). More research in bolstering students’
STEM identity during this important period of growth may support the development of STEM
students and professionals. Many students experience emotional and social barriers preventing
them from pursuing STEM careers because they do not see themselves in those roles and do not
develop strong STEM identities (Fowler & Schreiber, 2017). Recently, identity exploration
research has grown significantly as the connection between identity and learning has gained
much interest among scholars (Foster & Shah, 2016; Kaplan & Garner, 2017; Kim et al., 2018).
Prior research suggests that identity change can lead to academic motivation and stronger content
knowledge (Kaplan & Flum, 2012). It is imperative that education play a role in nurturing STEM
identity because experiences in elementary, middle, and secondary school can alter perceptions
students have about themselves. However, research in STEM education has generally focused
more on STEM interest without factoring in other important aspects of STEM identity. In order
to recruit and retain students in STEM fields, formation of a positive STEM identity is necessary
(Robnett et al., 2018; Vincent-Ruz & Schunn, 2018). Since intervention studies have shown
positive impact on students’ interest in STEM fields and the importance of a strong STEM
identity in STEM learning outcomes and career motivation (Stout et al., 2011), this study
explored the relationship between participation in a STEM project-based learning (PBL) unit and
students’ STEM identity and engagement.
This chapter offers a background on the importance of this work as well as a logic model
to anchor the research presented in this dissertation. A section on PBL outlines the framework
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for how PBL was viewed in this study, prior research regarding PBL and its effectiveness, and
examines prior work connecting STEM and PBL. Additionally, this chapter explores more
specifically STEM identity and PBL work, including gender differences that emerge in STEM
identity. Finally, the last section discusses gaps in the literature and ultimately leads to the
research questions that were asked in this study.
Logic Model for the Current Study
In this section, the logic model for this study is laid out and discussed. This logic model
was created with the purpose of serving as a roadmap for this study. This model created a
structure that allowed for coherent planning of the study, data collection methods, and clarity in
reporting the results. It is a visualization of the relationships between constructs in this study,
what they are comprised of, and how they are important pieces of the overall framework being
used to view this research.
Each piece is analyzed individually, and the relationships between constructs is
established. To do so, background research and information is used to give an in-depth look at
the various parts of the model. A visualization of this model is represented by Figure 1.
Figure 1
The Logic Model for this Study

14

The basis of this model was founded on the Dynamic Systems Model of Role Identity or
DSMRI (Garner & Kaplan, 2018). This model shows learning as inseparable from the complex
and dynamic processes in which one’s identities are formed. The DSMRI has many moving parts
and shows identity formation as intertwined set of concepts that affect one another (Garner &
Kaplan, 2018). The first subsection discussing the logic model used here focuses on seminal
works within the field of identity and then leads into the DSMRI and how it was the foundation
for this study as well as its relationship to STEM identity specifically. As the DSMRI is a large
framework for considering identity, this study specifically focused on self-perceptions and
definitions as this links directly to STEM identity.
STEM identity is the ability to see oneself as a person who can be a legitimate
participant within STEM (Carlone & Johnson, 2007). This study focused on ways to improve
STEM identity as it is imperative that interventions be put into place that enhance students’
interest, commitment, and ability to persist within STEM disciplines (Estrada et al., 2016).
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STEM identity provides a lens through which we can better understand factors that influence
career choice and persistence within STEM. Students’ behavior related to career choice is
influenced by whether they see themselves and are seen by others as fitting the mold of that field,
for example a “STEM person” (Hazari et al., 2010). Science education researchers have found
identity to be a foundational framework in understanding students’ aspirations, and it is now
drawing the attention of the wider STEM community (Hazari et al., 2010). In Science, a
proposed model showed that students are more likely to persist in undergraduate STEM majors if
they identify as a scientist (Graham et al., 2013). With this in mind, the logic model was
designed around investigating ways to enhance students’ STEM identities with STEM identity
being viewed as a role identity that falls under the self-perceptions and definitions portion of the
DSMRI. STEM identity is discussed in greater detail in a subsection following the background
on identity research and work.
In this model, engagement is hypothesized to be an indicator of STEM identity. In other
words, the primary researcher believed that they would be strongly related. If the intervention
related to an increase in STEM identity, it would also have a perceived positive impact on
student engagement. Engagement can be defined as the observable and unobservable qualities of
student interactions with learning activities (Deci & Ryan, 2000). Four related yet distinct
constructs are considered to compose engagement within this model. First, behavioral
engagement is one’s involvement in academic and class-based activities, positive conduct, and a
lack of disruptive behavior (Voelkl, 1997). Second, emotional engagement includes positive
emotional reactions to teachers, peers, and classroom activities while also valuing learning and
maintaining interest (Voelkl, 1997). Third, cognitive engagement encompasses one’s selfregulation, the use of deep learning strategies, and the use of necessary cognitive strategies to
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comprehend complex ideas (Zimmerman, 1990). Lastly, social engagement is the quality of
social interactions with peers and adults and the investment in the creation and maintenance of
relationships while learning (Wang et al., 2016). Engagement is discussed following the
subsection on STEM identity.
While it was hypothesized that these constructs would show improvement for the full
sample, it was also important to look at changes over time by gender. Stereotypes, a lack of role
models in the field, and our gender-socialized society have all led to women’s
underrepresentation within STEM (Wang & Degol, 2017). Therefore, it was hypothesized that
girls’ initial STEM identities would be lower than the boys’ STEM identities correlating with
lower levels of engagement. However, as girls are crafting their identities, school and
educational settings influence how they see themselves and how they believe others see them
(Calabrese Barton et al., 2013), and these are essential aspects of STEM identity. This
intervention would also give them the opportunity to develop their interests and competence in
STEM skills, show mastery of these competencies through both their day-to-day work and the
final product they created, and receive recognition from their teachers who were perceived
experts in the field. Each one of these components is critical in the formation and improvement
of ones’ STEM identity (Carlone & Johnson, 2007). In considering this prior research, it was
believed that while girls would initially report lower STEM identity, this intervention could
potentially close the gap between boys and girls. The gender gap in STEM is discussed further
later in this chapter when STEM identity is addressed.
The following section on identity looks at the history of work within the field that laid the
foundation for the framework used within this study including the rationale for focusing on
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middle school students. After this background on identity, the DSMRI will be discussed in more
detail, flowing into the following section which takes a more specific look at STEM identity.
Identity
Erikson (1972) identified identity formation as the key developmental task of
adolescence. He identified four conditions that must be met for an identity crisis to occur. First,
cognitive development must reach a certain level. Second, puberty has to occur. Third, a certain
amount of physical growth toward adult stature must be present. Finally, cultural pressures must
push the individual toward an identity resolution. He believed the identity crisis occurs at
varying times depending on social structures such as socioeconomic status, subculture, ethnic
background, and gender (Erikson, 1959). Generally, Erikson believed this stage occurred
between the ages of 11 and 18 years, and it is the task that facilitates the transition from
childhood to adulthood as children become more independent and experiment with various roles
and potential selves while searching for a stable sense of self (Berzoff et al., 2008).
Aspects of Marcia’s identity status theory support these ideas and other considerations when
studying STEM identity. Marcia’s identity status theory built upon Erikson’s work and ideas
about identity. In this paradigm, there is a focus on two dimensions at the heart of Erikson’s
identity work: exploration of developmental alternatives in various salient identity-defining
domains and selection of alternatives as well as engaging in relevant activities towards the
implementation of these choices. These two acts are more commonly referred to as exploration
and commitment (Marcia, 1966). Four distinct statuses are used to classify an adolescent’s
identity based on the amount of exploration and commitment: diffusion (low exploration, low
commitment), foreclosure (little exploration, strong commitment), moratorium (high exploration,
no commitments), and achievement (high commitment after a period of extensive exploration).
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Movement from adolescence to adulthood involves changes in identity that are characterized as
progressive developmental shifts from less adaptive identity statuses, such as diffusion, towards
the most adaptive status, achievement (Waterman, 1982).
Marcia (1980) believed identity is a “self-structure,” an internal, self-constructed,
dynamic organization of drives, individual history, skills, aspirations, beliefs, and experiences.
The better developed this structure is, the more aware individuals appear to be of their own
uniqueness and similarity to others as well as their strengths and weaknesses. The four identity
statuses describe the level of resolution one has found during the identity crisis. Identity
diffusion, the opposite of achievement, is the state in which one has failed to resolve the identity
crisis. At this point, the individual has not committed to any goals, values, or roles and has done
little in the way of exploration of these roles. This state is associated with avoidance of action,
disorganized thinking, and procrastination. Foreclosure is characterized by an individual’s
conformation to an identity without exploration, generally accepting values and roles that are
cultural norms. Moratorium is a postponement of identity achievement in order to extend
exploration either in-depth or in-breadth. Finally, identity achievement is attained when one has
resolved the identity crisis by making commitments to beliefs, goals, and values following an
extensive period of exploration (Berger, 2014).
Like Erikson, Marcia saw adolescence as the period in which children experience an
identity crisis that they resolve by making choices regarding their futures in numerous life
domains. Marcia’s approach expands on Erikson’s theory and is an operationalization of
Erikson’s concept of identity (Meeus, 1996). Marcia viewed identity as operating in the
occupational and social realms; however, he also believed it expanded into the domains of sexual
orientation, political values, intimate relationships, and lifestyle choices (Marcia, 1966). His four
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identity statuses concisely summarize where an individual can fall on the exploration and
commitment spectrum. As an expansion of Erikson’s work, Marcia was able to give concrete
categories to which one may be assigned based on his or her level of exploration and
commitment to specific roles. The idea that students must explore a role in-depth prior to making
a firm commitment to this role is a crucial idea behind the foundational principles of this study.
Since Erikson, the age at which identity formation occurs has become relatively well
established. Ormerod and Duckworth (1975) believed that interest, a biproduct of identity, in
science is a product of student experiences by age 11. However, in a study conducted by the
Royal Society (2006) it was found that children’s experiences prior to 14 are the major
determinant of any decision to pursue the study of science. Using a survey of 1141 STEM
practitioners’ reasons for pursuing scientific careers, it was found that over a quarter of
respondents (28%) first started thinking about a career in STEM before the age of 11 and further
third (35%) between the ages of 12 and 14. Compounding this research, a longitudinal study of
70 Swedish students from ages 12 through 16 found that their career aspirations and interest in
science were largely formed by age 13. Researchers concluded that engaging older children in
science would become progressively more difficult (Lindahl, 2007). These data point to the
middle school years as a critical time for experiences that enhance identity within STEM.
Identity and identity development are multidimensional, complex, and have multiple
factors that affect one another. Garner and Kaplan (2018) illustrated this best in their Dynamic
Systems Model of Role Identity (DSMRI), a meta-theoretical framework integrating
motivational perspectives, identity formation perspectives, psychosocial identity theory, and
social-cultural perspectives of identity. This model was created based on theoretical
developments and empirical work on students’ and teachers’ contextual formation of

20
environmental perceptions, self-perceptions, motivation, and action with a major focus on
contextualized social role identity. The DSMRI is a major advancement in framing role identity
as it conceptualizes each component relating to identity as interdependent while viewing identity
development as emergent, continuous, non-linear, contextualized, and as being influenced from
both inside and outside the system (Kaplan & Garner, 2017). In other words, it shows the
interconnectedness that every aspect of identity has on both one another as well as an
individual’s emotions and actions in a way that no previous model of identity has before. For
these reasons, this is the framework through which this study constructed identity. This complex
model of social identity is displayed in Figure 2.
Figure 2
The Dynamic Systems Model of Role Identity (Garner & Kaplan, 2018)

This model of identity conceptualizes the role identity system as a network of role
specific self-perceptions and self-definitions, assumptions, beliefs, values, goals, emotions, and
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actions that are held by the individual to be at the core of who they are in a role. This allows the
individual to act within a role and, in turn, receive feedback that influences future iterations of
the role identity system that manifests to the self and to commitments within that role (Kaplan &
Garner, 2017). This is a complex system in which each part interacts with and affects the others.
For the purposes of this study, only self-perceptions and definitions were considered. This
portion was selected because it is the area of identity in which STEM identity and engagement
can be most clearly observed and measured. Specifically, this research was concerned with the
individual’s perceptions and knowledge of his or her own self-defined characteristics and group
memberships and how these are thought to be relevant within a role which are foundational
components of STEM identity. Parts of this portion of the DSMRI include self-efficacy, selfperceived attributes and associated emotions such as the endorsement of particular interests, and
self-definition of membership within a social group or category. This specific area of identity
development was focused on as it most closely matched the current study’s definition of STEM
identity, whether one sees oneself as a “STEM person” which is expanded upon in the following
section. Validated STEM identity measures support this view of identity within this context as
they focus within this realm of the DSMRI (Dou et al., 2019; Godwin, 2016; Hughes et al., 2013;
Kier et al., 2014; McDonald et al., 2019; Paul et al. 2020). This model describes STEM identity
as being composed of four constructs which include competence, interest, self-recognition, and
perceived recognition by others, all of which are components of this area of the DSMRI (Paul et
al., 2020).
STEM Identity
Social identity theory and identity status theory are essential tenets of STEM identity
(Cheryan et al., 2015; Kaplan & Flum, 2012; Kim et al., 2018). Social identity theory states that
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a person’s social identity is formed by one’s knowledge that he or she belongs to a social
category or group where a social group is defined as a set of individuals who hold a common
social identification or view themselves as members of the same social category. Two main
processes involved in social identity formation are self-categorization and social comparison
(Hogg & Abrams, 1988). Self-categorization involves an accentuation of the perceived
similarities between the self and other in-group members as well as an accentuation of the
perceived differences between the self and out-group members. Social comparison drives the
selective application of these accentuations mainly to encourage self-enhancing outcomes for the
self. Specifically, self-esteem is enhanced by evaluating the in-group and out-group on
dimensions that lead to the in-group being judged positive and the out-group negatively (Hogg &
Abrams, 1988). Social identity theory tends to focus on in-group relations, or how people come
to see themselves as members of one group or category (the in-group) in comparison with
another (the out-group) as well as the resulting consequences of this categorization. These
consequences can have positive outcomes for the self, such as a boost in self-esteem as well as
enhanced identity (Turner et al., 1987).
STEM identity is one type of social identity or the extent to which individuals see
themselves in terms of their membership in a social group (Tajfel & Turner, 1979). An
individual develops social identities in addition to personal identities (Luhtanen & Crocker,
1992). Social identity theory scholars believe that identities intersect, and how individuals view
the interrelationships between multiple social identities is a construct known as social identity
complexity (Roccas & Brewer, 2002). STEM identity is highly complex because the individual
has various other social identities such as race, age, and gender, all of which are situated in the
environment in which students learn. Additionally, STEM identity is a socially-based identity
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grounded in the idea that individuals see themselves and are accepted as a member of a STEM
discipline or field. The totality of social identity content is called an ingroup prototype which is
the most normative and typical representation of a group in a particular social context (Turner,
1991). A prototype of a group member defines the ingroup and distinguishes it from the outgroup
(Hogg & Reid, 2006). Beyond physical characteristics, a prototype is also associated with traits
such as scientists being objective, rational, and abstract thinkers (Brickhouse, 2001). A student’s
STEM identity is heavily reliant on whether or not they believe they possess the characteristics
and traits of their understanding of a prototypical ingroup member. Social psychological research
in education has also suggested that the learning environment and feelings of belonging in STEM
play significant roles in nurturing or hampering STEM identity (Cheryan et al., 2015).
Additionally, social acceptance, or having members of the STEM community recognize oneself
as a member who fits in, is an important piece of STEM identity development (Lave & Wenger,
2002).
In relating this back to the logic model being used, the DSMRI is rooted in social
identity. In other words, a social role, such as “STEM person,” is the central idea in which
experiences and actions are framed and is based on the personal version of the role that a person
constructs through his or her life. It builds upon previous research by emphasizing that social
identities are based on the personal version of a role that one has construed within his or her
lived context (Kaplan & Garner, 2018). The portion of the DSMRI framework regarding selfperceptions and self-definitions made the DSMRI the ideal framework for considering STEM
identity.
For this study, STEM identity was defined as the ability to see oneself as the kind of
person who can be a legitimate participant in STEM through one’s interest, abilities, and culture.
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It is the concept of fitting in within STEM fields, more specifically the way individuals make
meaning of science experiences and how society structures possible meanings. STEM identity
involves an individual making personal meanings associated with their identity along with the
cultural impact of social meanings on those various identities (Carlone & Johnson, 2007). This
study built upon Carlone and Johnson’s (2007) conceptualization of identity as consisting of
three interrelated components in performance, competence, and recognition while emphasizing
the dual types of recognition of recognition by others and self-recognition. In addition to these,
interest was considered as a measurable aspect of STEM identity as well. Hazari et al. (2010)
defined interest as reflecting one’s desire and curiosity to think about or understand STEM.
There is support in understanding interest as a subset of identity as interest was identified as a
predictor of who earned a STEM degree (Tai et al., 2006).
Educational institutions must consider teaching and learning strategies that bolster STEM
identity so that students see themselves as “STEM people.” STEM identity involves a complex
interaction of multiple social identities including ethnicity and gender amongst others (Kaplan &
Garner, 2018). Therefore, individuals must be able to connect parts of who they are with STEM
in order to see themselves as STEM people. PBL has been shown to incorporate culturally
relevant content, and it has been suggested that schools should encourage the development of
STEM identity by incorporating culturally responsive teaching principles in STEM courses
(Ford, 2011). PBL frequently incorporates culturally relevant content, and it has a positive effect
on student interest and self-efficacy, potentially making it an important method in encouraging
students to enter STEM professions and choose STEM majors (Bilgin et al., 2015; Brown et al.,
2013; Holmes & Hwang, 2016).
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STEM fields have faced a continuous gender gap, an imbalance that has negatively
affected productivity, economics, and well-being (Diaz-Garcia et al., 2013; Settles et al., 2006).
This underrepresentation is also prevalent in STEM education programs as well as employment
and leadership positions (Mavriplis et al., 2010). Participation in STEM courses and studies are
not reflective of the progress and empowerment of women in the education sector. While they
are well represented in the social and life science fields, they continue to be underrepresented in
STEM (Ceci et al., 2014; Su & Rounds, 2015). Despite efforts to make changes, this trend has
been stable for decades in the United States (National Science Foundation, 2013).
STEM gender inequality is a complex, interwoven set of issues. The root causes of
women’s underrepresentation in STEM can be linked to stereotypes, gender-socialized belief
systems, and a lack of role models. These socially constructed gender differences result in
persistent inequalities leading to the gender gap in STEM fields (Wang & Degol, 2017).
Specifically in the United States, even when girls and boys have similar science achievement
levels, fewer girls aspire to science careers when compared to boys (Fouad et al., 2010). Prior
research has shown that perceived differences in cognitive performance between girls and boys
are linked to social and cultural factors such as experience, educational policies, and cultures
around gender equality (Hyde & Mertz, 2009). Studies in higher education have shown that
when STEM persistence is held constant, there are still significant gender differences in selfconfidence (Heilbronner, 2013; Marra et al., 2012).
This phenomenon appears to emerge during late elementary school and middle school
when girls’ self-perceptions of their science and mathematical abilities relative to boys
significantly decreases (Fouad et al., 2010). This has been shown to happen as early as fifth
grade (Weinhardt, 2017). During this developmental stage, gender differences occur in girls’
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perceived sense of belonging and potential future success in STEM fields due to historical
examples and cultural stereotypes that portray STEM as white and male (Calabrese Barton et al.,
2013). This gap is then further reinforced by an extreme lack of female STEM teachers to act as
role models for successful STEM careers further deterring girls from going into STEM courses
and careers (Bottia et al., 2015).
Middle school then becomes a crucial time to improve girls’ STEM identities as this will
drive them to continue their pursuits of STEM in the future. During these years, girls decide what
types of girls they want to be and figure out the ideal versions of themselves (Carlone et al.,
2015). As they author their identities, they are influenced by how they see themselves and how
others see them in multiple spaces including school and educational settings (Calabrese Barton et
al., 2013). STEM identity requires the opportunity to develop interests and competence in
STEM-related skills, show mastery of these competencies, and receive recognition from
perceived experts (Carlone & Johnson, 2007). This identity is contextual and individual. It is
molded by girls’ perceived stereotypes related to gender, race, and STEM disciplines which are
shaped by social constructs (Collins & Bilge, 2016).
In the current study, engagement was viewed as a correlate of STEM identity with both
stemming from the self-perceptions and self-definitions portion of the DSMRI framework for
identity. It was hypothesized that changes in STEM identity would be strongly related to changes
in engagement. Therefore, considering engagement alongside STEM identity was helpful in
assessing the effectiveness of PBL in the context of this work as students who view science as
relating to their own lives have higher levels of engagement (Gurgel et al., 2016).
Engagement
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In the guiding model for this study (Figure 1), engagement is presented as a correlate of
STEM identity. Engagement is an essential concept when gauging the impact of PBL since
engagement results from the interaction of the individual within a specific setting and is
responsive to variations and changes within that setting (Connell, 1990). While some research
has evaluated the effects of PBL on student engagement and STEM identity, little work has
looked at engagement as an outcome of STEM identity (Beier et al., 2019; LaForce et al., 2017;
Tseng et al., 2013). The experiential quality of PBL provides students with information about
themselves as being competent to succeed, as being related to others within this setting, and as
being engaged, autonomous learners (Eccles et al., 1998). The framework for engagement being
employed by this study was the self-system motivation theory which posits that engagement is
the observable and unobservable qualities of student interactions with learning activities (Deci &
Ryan, 2000). Engagement consists of four distinct, yet interrelated, facets: behavioral, emotional,
cognitive, and social (Fredericks et al., 2004; Wang et al., 2016). Behavioral engagement
includes involvement in academic and class-based activities, positive conduct, and a lack of
disruptive behavior. Emotional engagement is viewed as the presence of positive emotional
reactions to teachers, peers, and classroom activities, as well as valuing learning and maintaining
interest in the learning content (Voelkl, 1997). Cognitive engagement can be defined in terms of
self-regulation, use of deep learning strategies, and the employment of necessary cognitive
strategies in order to comprehend complex ideas (Zimmerman, 1990). Finally, social engagement
includes the quality of social interactions with peers and adults as well as the willingness to
invest in the formation and maintenance of relationships while learning (Wang et al., 2016).
Engagement was included in the model for this study alongside STEM identity as it is a
strong predictor of academic performance and choice including future intentions to enroll in
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elective STEM courses and future pursuit of a STEM career (Hughes et al., 2008; Wang, 2012).
Aspects of identity have been found to influence students’ educational engagement positively
including motivation for overcoming challenges, academic achievement, and pursuance of higher
education (Thiele et al., 2017). Additionally, students’ identity has been observed as a predictor
of science engagement; the more students view science as related to their own lives and who they
are, the higher their levels of engagement (Gurgel et al., 2016; Strong, 2016).
Including engagement in a model of identity and achievement provides an important link
when exploring the perceived impact of PBL as a strong predictor of academic performance and
choice since students with higher behavioral and emotional engagement tend to attain higher
grades and aspire for higher education (Hughes et al., 2008; Wang & Holcombe, 2010). The use
of self-regulatory and metacognitive strategies, two factors linked to engagement, is associated
with academic achievement (Pintrich & DeGroot, 1990). Lastly, students’ interest in and beliefs
about the importance of STEM are associated with intentions to enroll in elective STEM courses
and career aspiration within STEM-related fields, both of which are directly linked to
engagement (Wang, 2012).
Project-Based Learning (PBL)
The current study sought to uncover whether a curricular intervention had a perceived
effect on both STEM identity and engagement. It was hypothesized that participation in a PBL
intervention would relate to positive changes in both constructs since they are believed to be
correlated with one another. Therefore, an understanding of PBL is critical to seeing why it was
chosen and its relationship to the framework for this study. This section gives a background on
PBL and its use within STEM education. Then, focus is narrowed specifically on prior work
linking STEM identity and PBL.
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As discussed in the previous chapter, the idea that the most effective way to learn is
through participating within discipline-specific work and actively learning within the field is not
a new concept (Rogers, 1969). Students retain more when they are given time to reflect and
actively engage than when presented with new information in a passive manner such as
traditional lecture (Felder & Brent, 2009). Active learning strategies lead to improved
performance as well as higher levels of engagement amongst students (Freeman et al., 2014).
Active learning is based around the introduction of a course-related problem or question,
students working individually or within small groups to come up with a solution or response,
allowing students the freedom and time to complete this, and then allowing them to share their
responses or solutions (Felder & Brent, 2009). Some active learning approaches include problem
and inquiry-based learning activities such as technology-enhanced simulations and games, case
study analyses, independent projects, and collaborative work activities. Project-based learning
(PBL) builds upon this model of education, improving it and allowing for real-world problemsolving making curriculum and content relevant to the learner and his or her own experiences.
This pedagogical approach was chosen for this study as it creates a classroom environment that
fosters inquiry, stimulates students’ curiosity, and potentially engages them in meaningful ways
allowing them to see their role within STEM. In addition, PBL instructional units include various
active learning strategies and approaches within them as students strive to answer or create a
solution for the driving question on which the unit is based.
PBL can be defined as a constructivist approach to learning that helps students gain a
deeper understanding of materials through process-oriented engagement in investigation of real,
meaningful problems wherein students respond to a driving question, explore the question in
situated, authentic inquiry, collaboratively problem solve, are scaffolded to extend their learning
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ability, and create a tangible product in response to the driving question (Krajcik & Blumenfeld,
2006). Distinct features of PBL include student-centered instruction, teachers acting as coaches,
students responding to a driving question, the development of investigation and/or artifacts,
collaboration, and the use of technology (Marx et al., 1997). Higher-order questioning is a key
component of PBL that elicits challenges, problem-solving, and analytical and creative thinking
skills in answering this driving question (Bruce-Davis et al., 2014). These problem-solving and
authentic inquiry approaches to learning are vital in an economy that emphasizes higher-order
thinking skills over lower-level skills, and this suggests the importance of implementing PBL
framework within the classroom (Morrison et al., 2015).
For this study, the definition and view of PBL was based on Krajcik and Blumenfeld’s
(2006) view that PBL is a form of situated learning based on the constructivist belief that
students gain deeper understanding of material when they actively construct their understanding
by working with and using ideas. Quality PBL allows students to investigate questions, propose
hypotheses and explanations, discuss their ideas, challenge the ideas of others, and try out new
ideas. The five key features of a PBL experience identified by Krajcik and Blumenfeld (2006)
are as follows:
1. The PBL unit begins with a driving question or problem to be solved.
2. Students explore and investigate the driving question through participation in inquirybased activities and work. In doing so, students learn and apply important ideas and skills
of the discipline.
3. Students and teachers engage in collaborative activities to find solutions to the driving
question mirroring how experts would solve problems to real life scenarios.
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4. Learning technologies are integrated in ways that enhance student activities and scaffold
the inquiry process.
5. Students create tangible products that address the driving question. These artifacts are
shared and publicly accessible representations of learning.
PBL was chosen as the intervention for this study because it is an active learning strategy
that engages students in answering a driving question while building real-world skills mirroring
what experts do in the field (Krajcik & Blumfeld, 2006). As previously stated, STEM identity is
one type of social identity, a foundational part of the DSMRI framework. It was hypothesized
that by having positive learning experiences in STEM and building their skills in this area
through participation in PBL, students in this study would further align with and see themselves
as possessing the characteristics and traits of an ingroup member, or “STEM person.” As their
view of themselves further aligned with how they saw members of the STEM community, their
STEM identity would grow stronger.
PBL approaches have been shown to positively affect student performance and retention
across elementary, secondary, and postsecondary levels (Boaler, 1998; Holmes & Hwang, 2016;
Thomas, 2000; Torres et al., 2016). It has also been suggested that the implementation of PBL
positively affects student interest and self-efficacy (Bilgin et al., 2015; Brown et al., 2013;
Holmes & Hwang, 2016). In their meta-analysis, Chen and Yang (2019) evaluated the effect
sizes of project-based learning on academic achievement across 30 journal articles that were
published from 1998 to 2017 representing 12,585 students from 189 schools across nine
countries. Criteria for inclusion specified that all research must have an experimental approach,
sufficient data to assess effect size, and be written in English or Chinese. The mean weight effect
size (Cohen’s d) was found to be 0.71, a medium to large positive effect indicating that students
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who participated in PBL had significantly better academic achievement than those who took part
in traditional education. A positive correlation was found between year of publication and effect
size (r = 0.33, p = .07) implying that the implementation of PBL has improved over time. This
meta-analysis also showed that implementing PBL for above two hours per week was
significantly better than fewer than two hours of PBL instruction per week. Additionally, PBL
with the support of technology had a significantly better effect in comparison to PBL without
this support. Finally, Chen and Yang (2019) noted that no significant differences were found in
relation to educational stage (elementary, secondary, and postsecondary).
A similar meta-analysis was conducted by Baleman and Keskin (2018) evaluating the
effect size of project-based learning across 48 studies within science education. All studies
utilized a pretest/posttest model, focused on students’ academic performance, and included data
that would allow for the calculation of effect size with a large effect size being a Cohen’s d of
0.80. The general effect size of the studies included in the research was found to be 1.063
showing that PBL has a large effect on students’ academic performance. Additionally, Baleman
and Keskin (2018) found that PBL was highly effective in secondary, primary, and
postsecondary educational settings. As was reported by Chen and Yang (2019), this study also
found no significant differences between educational levels.
There is widespread support for the use of PBL from both students and teachers.
Baumgartner and Zabin (2008) found that the implementation of PBL had a positive effect on
students’ attitudes toward STEM and their scientific knowledge. Similarly, Beneke and Ostrosky
(2008) discovered that teachers across disciplines have a positive view of PBL and that it
increased motivation among learners. Wurdinger et al. (2007) exemplified this when they looked
into the effectiveness of PBL in a middle school setting across multiple content areas. This
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qualitative study looked specifically at teacher acceptance and student engagement. After being
trained on PBL implementation, and being given time to try it in their own classrooms, teachers
identified many benefits of PBL including high activity levels, student interest, relevance to the
real world, student autonomy, self-directed learning, improved communication skills, and
increased student motivation. A second survey, given halfway through the school year in 2006,
indicated that the vast majority of teachers were employing PBL in their classrooms. Interviews
with seven teachers were conducted in April of that year, with six of these teachers stating that
students’ problem-solving skills were enhanced or improved when they were using PBL in their
classroom. They identified a wide array of strengths in PBL including promotion of discussion
and peer teaching, enhancing student ownership, increases in higher order thinking and life
skills, and promotion of group cohesiveness. In addition, teachers made comments such as
“Students like (PBL) because it challenges them,” “They are excited about it and retain more,”
“The upper end and lower end students work together towards a common goal with group work,”
and “Students like to have choice, and they buy into the process.”
In addition to perceptions of PBL, important links have been established between its
implementation and student achievement, motivation, self-efficacy, attitudes, or a combination of
these variables. Siswono et al. (2018) used an experimental model to evaluate the students’
learning in a middle school statistics class. An experimental class (n = 38) was taught by
implementing project-based learning while the control class (n = 37) was taught using
conventional learning methods at a middle school in Indonesia. All students were in seventh
grade and between the ages of 12-13, and data were collected using a pretest and posttest on
relevant content, classroom observations, and student response questionnaires. A statistically
significant difference was found in student learning outcomes between the project-based group
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and the conventional group. Regression models showed that the constant line for the
experimental group was greater than that of the control class while running parallel to each other
showing a significant difference. In other words, student learning outcomes when PBL was
applied were significantly higher than those of conventional learning during the statistics classes.
Additionally, the percentage of student mastery in the experimental group was 100% while the
control group lagged behind at 49%. The results of the questionnaire gauging student response to
the classes showed a 78% positive response rate by students in the PBL group and a 55%
positive response rate by those in the traditional learning group.
Hernández- Ramos and De La Paz (2009) also contributed to the body of work on
students’ achievement and attitudes. Specifically, they investigated whether eighth grade
students who learned history through technology-assisted project-based learning experiences
acquired more, the same, or less content knowledge than students in a comparison condition.
This quasi-experimental, pretest-posttest design was executed at two schools within the same
district in North Carolina with 100 students participating in the intervention and 70 participating
in the control school. A 50-item multiple-choice test was developed for this study and was
administered as a pretest and posttest, and researchers also analyzed the results from a staterequired social studies test. Emotional and affective impact of the different instructional
strategies on students’ attitudes toward learning were measured using a pretest and posttest
survey composed of 24 five-point Likert items in addition to the measurements of achievement.
Using a repeated measure ANOVA design, Hernández-Ramos and De La Paz (2009) determined
that students in contrasting conditions did not differ on the pretest. Students in the intervention
group learned significantly more than students in the control group. Two separate ANOVAs
were run on the state-administered content at posttest only and were significantly in favor of
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students in the intervention group as well. Survey data revealed that students in the intervention
group improved in social learning and attitudes toward social studies while suggesting that most
students at the intervention school had positive views about their experience working
collaboratively during a history PBL unit.
Expanding within this realm, Shin (2018) researched how participation in PBL amongst
students in an elective high school English course affected their English motivation and selfefficacy. Seventy-nine students in an English class were broken up into groups of six as they
engaged in team activities and worked through the PBL unit. Data were collected through a pre
and posttest model with paired t tests being used to compare results for individual participants.
Shin (2018) found that the PBL unit had a significant impact on students’ motivation to learn
English. Significant differences were also found in attention and relevance to the real world.
Self-efficacy was found to be positively correlated with grades earned on the project as well as
motivation, and participation in PBL had a significant impact on self-efficacy. Lastly, students
believed the content of the unit was relevant to their everyday lives, that the material of the
project was authentic, and that they learned a lot from the project. The vast majority of students
(over 70%) stated they hoped PBL could become a part of their regular classes.
Carrabba and Farmer (2018) also explored the realm of motivation when they studied the
impact of PBL versus direct instruction on the motivation and engagement of middle school
students. Their sample consisted of 631 middle school students from a rural middle school in
Tennessee. Three control classes and three PBL classes were established with one class for each
middle grade level in both groups. Data were collected using a pre and posttest model. Students
took the Intrinsic Motivation Inventory while engagement data was obtained using the Student
Engagement Walkthrough Checklist (SEWC) created by the International Center for Leadership
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in Education. Teachers observed student behavior and completed the SEWC for each student at
the beginning and end of each form of instruction. Paired sample t tests were conducted to
examine the difference between engagement levels before and after each type of instruction.
Student engagement after the implementation of PBL was significantly higher than engagement
before its implementation. Student engagement around direct instruction was also significant but
in the other direction. Students’ engagement after direct instruction was significantly lower than
student engagement before direct instruction. Independent samples t tests were conducted to
investigate the effect of PBL on motivation and engagement between groups of students
involved in both settings. The results for student motivation were significant with motivation
connected to PBL higher than that of direct instruction. Likewise, significance was found for
student engagement where students in the PBL group were more engaged than those in the
control group. Findings here indicate that students exhibit significantly more motivation and
engagement when involved in PBL as compared to direct instruction.
More recently, Duke et al. (2021) studied the impact of PBL on second graders’ social
studies and literacy learning and motivation. Twenty schools across 11 low-socioeconomic
school districts participated in this study including 289 students in the control group and 395
students in the experimental group. The experimental group participated in four PBL units with
each unit involving a project that had an authentic purpose with a public product while the
control group participated in conventional social studies education. A pre and posttest model was
used with standards-aligned measures of social studies, informational reading, and informational
writing being given to all participants in conjunction with a Likert-type scale motivation survey
about social studies, literacy, and integrated instruction. A hierarchical linear regression was
used to explore the effects of the intervention while controlling for gender, racial-ethnic group,
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guardian’s education, and preassessment on social studies achievement, informational reading,
informational writing, and motivation. The experimental group scored statistically significantly
higher than the comparison group on the social studies and informational reading achievement
measures. Additionally, higher consistency with unit session plans was associated with higher
scores on all measures. In other words, more effectively implemented PBL had a significant
effect across all four measures of social studies, informational reading, writing, and motivation.
Prior research has shown that active teaching strategies can help close the gender gap in
STEM (Kahle & Meece, 1994; Labudde et al., 2000; Zohar & Sela, 2003). In particular, female
students benefit greatly from the implementation and use of active learning pedagogy (Laws et
al., 1999; Schneider, 2001). In one such example, Solberg (2018) looked at young women and
girls in aerospace science using hands-on and project-based learning as their main educational
curriculum. It was concluded that projects that use these strategies encourage girls to enter
STEM fields because engaging in these activities had a positive impact on their interest and
confidence in STEM as they moved from elementary to middle school. It also helped in
maintaining their long-term interest in STEM. Educational experiences that use activities that
enhance cooperation and communication between students, such as PBL, have been shown to
decrease the STEM gender gap (Labudde et al., 2000).
Overall, studies have suggested that PBL approaches have positive effects on student
performance and retention across all age groups and between genders, and the benefits of PBL
mirror those of active learning in regard to retention and performance (Boaler, 1998; Holmes &
Hwang, 2016; Torres et al., 2016). Teachers who implement PBL have reported having positive
experiences (Harris et al., 2014; Thomas, 2000). It is widely reported that PBL has positive
effects on students’ cognitive, intrapersonal, and interpersonal competencies. Examples of
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cognitive competencies include academic content skills, critical thinking, and problem solving.
Intrapersonal skills include self-regulation, metacognition, and flexibility, while interpersonal
skills include communication, collaboration, conflict resolution, and leadership (Condliffe,
2017).
Based on this research, PBL was the active learning approach that had been deemed
potentially the most effective and was selected for this study. Adolescence, specifically during
the early years, is a key phase for identity development (Erikson, 1968) which is why this group
of participants was selected. It is a particularly key time for STEM identity formation as students
are aligning their perceived selves with their ideal selves within STEM. Therefore, STEM
experiences during middle school and social environmental influences have a major impact on
STEM identity (Kim et al., 2018). By providing students the opportunity to build skills that
STEM professionals use in the field, they are more likely to see themselves as members of the
STEM ingroup, an important piece of STEM identity as a social identity (Tajfel & Turner, 1986).
For these reasons, PBL was viewed as the ideal intervention to improve students’ STEM identity.
Science, Technology, Engineering, and Mathematics (STEM) and Project-Based Learning
(PBL)
For this study, PBL must be looked at specifically within STEM contexts. Most research
evaluating PBL within the science, technology, engineering, and mathematics (STEM)
disciplines falls within the areas of motivation, attitudes, self-efficacy, and achievement with
many studies looking at a combination of these variables. This prior research suggests that PBL
could be used to potentially improve students’ STEM identity as well making it an excellent fit
for the model being employed in this study. Research in this area is important because many
students report disconnection between STEM content and its transferability to real-world
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scenarios (Sahin, 2009) potentially alienating students from entrance to careers and majors in
STEM. A framework such as PBL that aims to provide students with authentic, real-life
experiences may increase persistence along the STEM pipeline by increasing interest, effort, and
awareness (Redmond et al. 2011). Supporting this notion, students who have experienced STEM
PBL show positive attitudes toward learning itself, team communication, and collaborative
behavior (Dominiguez & Jaime, 2010; Kaldi et al., 2011). A meta-analysis of 225 studies across
STEM disciplines showed a benefit of active learning approaches relative to passive ones on
outcomes such as exam performance. The effect was as large as a half standard-deviation
improvement in exam performance across STEM fields, class sizes, and course levels (Freeman
et al., 2014).
In 2002, Schneider et al. conducted a study investigating if students in a PBL science
curriculum performed as well as students nationally on achievement tests. This seminal piece of
work laid the foundation for many studies regarding the evaluation of PBL in science educational
settings. The study took place at a small alternative high school enrolling about 450 students in
an urban university town in the Midwest. Students interested in science generally did not attend
this school. Sophomores completed two years of PBL instruction (n = 85), and juniors completed
three years of PBL instruction (n = 57). All student participants completed the 1996 National
Assessment of Educational Progress (NAEP) exam. A pass rate (p-value) was calculated for all
questions according to the method supplied and used by NAEP. Question-by-question
comparison of p-values between PBL students and the national averages supplied by NAEP were
analyzed, and effect sizes were calculated for each comparison using the difference in means
divided by the standard deviation of the national sample. There was a statistically significant
difference between the PBL students and the national average across the total exam. PBL
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students scored significantly higher on more than half of the individual items. The mean effect
size for items significantly higher placed PBL students in the seventieth percentile of the national
sample. PBL students scored higher than the national sample on a greater percentage of the
extended constructed response items, short constructed response items, and a smaller percentage
of the multiple-choice items. They also scored higher than the national p-values on greater
percentages of Earth science items, followed by physical science items, and a smaller percentage
of the life science questions. PBL students outscored the national sample on most of the
scientific investigation items and more than half of the conceptual understanding items. Student
performance was relatively homogenous across grade, gender, and teacher.
Expanding on research in the area of participation in PBL and achievement in science
classes, Geier et al. (2008) explored if science achievement was enhanced by student
participation in a technology based PBL unit, a three-year longitudinal study that took place in
Detroit. Thirty-seven teachers across 18 schools participated in this effort that involved
approximately 5000 students. Students engaged in two seventh grade and/or one eighth grade
PBL unit during the study. Data was collected using the Michigan Educational Assessment
Program (MEAP) tests which are statewide standardized assessments that align with the state
objectives for science achievement. Data of students who participated in the PBL curriculum
were compared with those in the Detroit Public Schools System who did not, and analysis looked
across gender and grade levels. In the first cohort of students (N = 760), students who completed
at least one PBL unit outperformed their peers on their overall MEAP science score. Higher
scores were displayed across Earth, physical, and life science and both science process skill
groups (constructing and reflecting) measured by the science MEAP. An effect size of 0.44
standard deviations indicated that participation in at least one PBL unit corresponded with a 14%

41
improvement in total score. The second cohort (N = 1043) showed significantly higher
achievement in all five content and process categories measured by the MEAP science
assessment when compared with other students with a 13% difference and an effect size of 0.37
standard deviations. Students who participated in both seventh and eighth grade showed the
largest benefit with a 66-point higher MEAP score (compared to 37 for one seventh grade unit
and 23 for one eighth grade unit).
Karacalli and Korur (2014) continued to build on research examining the impact of PBL
on student achievement. More specifically, they researched the effects of PBL on fourth grade
students’ science academic achievement, attitude, and retention of knowledge. Seventy students
were in the control group with 73 students participating in the PBL intervention within eight
classes in two separate schools. A pre and posttest design was implemented using the Science
and Technology Course Attitude Scale, a project evaluation survey, and a science achievement
test. The effect of the intervention on academic achievement was large with PBL having a 30%
effect on the science achievement of students. The effect of the intervention on knowledge
retention was also large with PBL having a 24% impact. However, there was only a small effect
on students’ attitudes toward science. There were also statistically significant effects of PBL on
academic achievement and retention of knowledge. Overall, PBL was shown to significantly
improve students’ science achievement and knowledge retention.
While Karacalli and Korur (2014) looked at multiple factors being affected by PBL,
Tseng et al. (2013) focused specifically on how attitudes towards STEM are changed by
students’ participation in PBL. They examined PBL during a five-week cross-school competition
in which 30 first-year students at five universities across Taiwan created models of electric
vehicles. This mixed methods study utilized a pre and posttest design using a STEM attitude

42
questionnaire coupled with semi-structured interviews after the project. The questionnaire was
analyzed using a paired sample t test with results being compared across the pre and posttests.
Transcripts of interviews were analyzed through a combination of open coding, axial coding, and
selective coding leading to themes that resulted from this process. Results showed that students
had positive attitudes towards STEM with technology being the most popular subject before the
project and engineering the most popular following the project. Students had the most significant
changes in attitude towards engineering when comparing the pre and posttests while positive
attitudes towards science, mathematics, and technology increased slightly but were not
significant. These results indicate that PBL can facilitate the enhancement of learners’ positive
attitudes towards STEM, particularly in the engineering discipline.
Filippatou and Kaldi (2010) focused their STEM PBL work as they examined its impact
on students with learning difficulties. They worked with 24 fourth grade students from six mixed
ability classes as they evaluated PBL’s impact on academic performance, self-efficacy, task
value, and group work. Data collection occurred in the form of a pre and posttest knowledge test,
attitude scale, and interviews with both students and teachers to gage group work, engagement,
evaluate the project, and their perceptions of the learning experience. Quantitative data were
analyzed using paired sample t test, and students with learning difficulties were compared to
those without them. The educational intervention lasted for eight weeks, and planned activities
were implemented between two and three hours each day with the PBL unit being about sea
animals. Statistically significant differences were found for all of the dependent variables
including knowledge score, academic self-efficacy on environmental studies, task value
concerning environmental studies, and experiential learning. Students with learning difficulties
scored significantly higher on the knowledge test administered after the completion of the
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project, indicating that they enhanced their knowledge on all portions of the unit. These students
also acquired new knowledge regarding both the terminology and correct classification of sea
animals into categories. Significant attitude changes were found for students with learning
difficulties after the project regarding self-efficacy, task value, group work, and experiential
learning. On average, after the implementation of the project, these students believed they could
perform better in the environmental sciences than they did before, scored higher in the subject
area, liked working in teams more than on their own, and found group work more effective in
terms of their engagement in the learning process. They stated that they found PBL to be more
beneficial than traditional teaching. All participants stated that PBL helped them learn better and
retain more information. They found this style of learning more motivational when compared to
traditional teaching methods.
STEM Identity and PBL
The majority of work evaluating the impact of PBL on STEM identity looks at the areas
of STEM interest, self-efficacy, and motivation with Hughes et al.’s (2013) work being a prime
example of this body of research. They analyzed the impact of authentic, project-based STEM
engagement at two camps, one coed and one all-girls, on middle school students’ STEM identity.
Researchers in this mixed methods study gathered data through pre- and posttest surveys, postcamp interviews with teachers and students, observations of all camp activities, and student
application responses. Significant differences were found between the pre- and posttests for the
participants’ means in the girls’ camp. Results showed that the girls’ camp was more successful
in positively affecting participants’ interest in STEM and self-concept in STEM. However, when
broken down by gender, both camps had significant positive changes in their post-means for all
categories that were used to infer STEM identity transformation. Males had a higher self-concept
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mean on the pre-test when compared to females. Participants from the coed camp provided
evidence for the lack of change in their surveys and interviews when they highlighted examples
of how misconceptions and stereotypes were maintained. Research volunteers were all male,
only male scientists and engineers were encountered during research facility visits, and there was
an overall lack of female representation. Campers in the coed group believed that engineers and
scientists worked long hours and frequently worked alone. Experiences within the girls’ camp
challenged these misconceptions with female grad students working within their camp and
exposure to female STEM workers. While STEM identities for girls improved significantly in
both camps, researchers believed that showing participants a lab and giving them opportunities to
witness and/or participate in STEM activities does not lead to positive improvements in STEM
identity if the STEM professionals involved do not represent the varying personalities, races,
sexes, and ethnicities in STEM professions that students can connect with and view as role
models.
LaForce et al. (2017) added to the body of work evaluating PBL’s impact on STEM
identity when they investigated if positive student experiences with PBL related to students’
STEM ability beliefs, intrinsic motivation, and interest in pursuing a STEM career. Survey data
from 3852 high school students across 17 schools in the United States was collected with sample
schools being located in Ohio, Washington, Texas, California, Tennessee, New York, and North
Carolina. The survey measured perceptions of PBL, interest in a future STEM career, ability
beliefs, intrinsic motivation within STEM, general intrinsic motivation for schoolwork, general
ability beliefs for schoolwork, and attitudes toward school. Results indicated that students’
ratings of PBL significantly predicted their interest in pursuing a STEM career. Higher PBL
ratings significantly predicted students’ science intrinsic motivation and ability beliefs. STEM
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intrinsic motivation and ability beliefs were significantly associated with interest in a future
STEM career. Results also indicated that PBL gives students a chance to think about a future
STEM career, and PBL showed a direct effect on interest in a future STEM career. Finally, it
was found that higher overall rating of PBL predicted science intrinsic motivation and ability
beliefs in turn predicting higher student interest in a future STEM career.
In 2019, Beier et al. examined the effect of PBL on STEM career aspirations amongst
college students, adding to this body of work by performing research with older students. Data
was collected through the Survey for All Students (SAS) which was part of a larger longitudinal
study of study retention at a small, private university in the southern United States. This study
looked at students who indicated a preference for majoring in engineering or natural sciences.
STEM self-efficacy and subject task value variables were examined as mediators of the
relationship between classroom PBL and STEM career aspirations. Negative correlations
between attitudes and gender showed that women had significantly lower STEM self-efficacy,
attainment, intrinsic, and utility value ratings than men did. Women also rated their STEM career
aspirations lower than men did. STEM skills efficacy and utility value, or the extent to which the
students believed the course would be important for their long-term career goals, were
significantly different based on PBL status. More students left STEM fields in the non-PBL
group; however, this difference was not statistically significant. When all variables were
included, STEM skills efficacy and utility value both accounted for unique variance in career
aspirations. The effect of PBL was not found to be moderated by gender or race. In summary,
Beier et al. found that engaging in at least one PBL course during the first four semesters of
college affected student perceptions of STEM skills, perceptions of utility value of participating
in STEM courses, and STEM career aspirations.
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Beier et al. (2019) looked at the gender disparity in STEM identity as a secondary
research question, but Williams and George-Jackson (2014) made that their primary focus when
they investigated whether perceived self-efficacy in STEM differs by gender. Data were
collected through an online survey given to 1881 undergraduate students measuring science
identity and self-efficacy using a Likert scale; a greater percentage of women (61.2%) than men
(38.1%) completed the survey. Researchers found a statistically significant difference between
men’s and women’s science identity index scores. In all fields of study, statistical differences
were found between genders when asked if they had to work harder than their peers to be
recognized as a scientist due to their gender. Women were much more apt to agree or strongly
agree with this statement. Differences between men and women were statistically significant for
students who majored in physical science, computer science, mathematics, and engineering on
self-reported confidence levels in mathematics and science skills with the vast majority of men
reporting being very confident in their mathematics and science skills compared to only less than
half of women. Having a lower level of confidence in mathematics and science skills may result
in a lower confidence within the STEM disciplines and other negative consequences that impact
women’s long-term persistence within STEM. Statistical differences were also found between
genders in identifying as a scientist and self-efficacy with men scoring higher in both of these
areas. Self-efficacy has the largest impact on using and doing science when compared to the
other statistically significant variables analyzed. Students’ confidence and beliefs about their
own abilities and skills have a large impact on the utilization and application of their STEM
knowledge and skills.
Gaps in the Literature
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While PBL has consistently been shown to be an effective method of enhancing student
achievement in STEM, very little research has been done in the area of PBL’s impact on middle
school students’ STEM identity. As previously stated, most of this work has been done in postsecondary and undergraduate settings with some work being done at the high school level (Beier
et al., 2019; LaForce et al., 2017; Tseng et al., 2013). Studies that examine the development of
one’s STEM identity often utilize interviews or case study methodology (Archer et al., 2017;
Aschbacher et al., 2010; Patrick & Borrego, 2016) which are not generalizable to large numbers
of students (Trujillo & Tanner, 2014). Additionally, research in this area has looked at selfefficacy, motivation, and interest in STEM at mainly the high school and undergraduate level,
but more work must be done with younger students. Little work has been done to assess middle
school students’ STEM identity development and its enhancement through pedagogical changes,
and this is a crucial age for identity development that has thus far gone overlooked (Ormerod &
Duckworth, 1975; OPM for the Royal Society, 2006).
We must focus on understanding and enhancing the STEM experiences of students
during the middle school years because it is during this time that students’ interest in STEM
declines (Heddy & Sinatra, 2017). Research has shown that early interventions at this stage are
very effective when compared with later ones (Tai et al., 2006). If there is going to be a
pedagogical shift that creates lasting changes and enhancements to STEM identity, it is critical
that it occurs during the middle school years while children are between the ages of 11 and 14.
To better understand how to enhance STEM identity, this study employed a model that is
dynamic and socially situated (Kaplan & Garner, 2018). This means that their experiences,
especially in school, affect their STEM identity. Their self-perceptions and self-definitions,
where STEM identity falls within the greater context of the DSMRI, are critical in them seeing
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themselves as “STEM people.” As they grow to see themselves as members of the STEM
ingroup, it was hypothesized that their engagement with STEM work will increase. Therefore,
engagement was seen as a correlate of STEM identity.
As previously discussed, there has been a steady increase in the number of STEM careers
in the US, and students are not prepared for STEM careers nor are they opting to enter these
fields (National Science Board, 2018). By learning what shifts to make to STEM curriculum
during this crucial identity forming phase, we can begin to rectify this issue. PBL, a form of
active learning that has prior research supporting it as improving students’ STEM engagement,
achievement, and interests (Beier et al., 2019; Hughes et al., 2013; LaForce et al., 2017), has
shown promise as a pedagogical method to improve students’ STEM identity. However, this is
where major gaps exist in the literature. Therefore, this study examined the following questions:
1. What is the relationship between STEM identity and science engagement?
2. Are there differences between genders in STEM identity and science engagement at each
time point?
3. How does STEM identity change over time when middle school students participate in a
project-based learning unit?
a. What changes exist for this question by gender?
4. How does student engagement change over time when middle school students participate
in a project-based learning unit?
a. What changes exist for this question by gender?
Again, it was hypothesized that students’ STEM identity and engagement would have a
strong relationship and both improve following the PBL intervention. Also, it was believed that
there would be a difference in STEM identity and engagement between genders at the pretest but
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that this gap could potentially close over time as boys would likely score higher at the outset.
Finally, it was hypothesized that there would either be sustained change over time between the
second and third time points or that there would be a linear change across the time points. The
purpose of this third time point was to assess if either of these scenarios would occur.
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CHAPTER 3: METHODS
This study used a repeated measures experimental design in which the same participants
were measured on the same variables across three time periods. This within-subjects design
allowed for all participants to experience the same treatment and for conditions to be compared
within the same group of participants, a design that is commonly used in longitudinal studies.
The independent variable in this study was participation in the intervention unit, and the
dependent variables were STEM identity and engagement with the dependent variables being
measured via survey administration. More specifically, STEM identity and engagement were
each measured using four separate subscales respectively. STEM identity was measured by
assessing competence, interest, recognition by others, and self-recognition. These four subscales
made up the independent variable of STEM identity. Engagement was measured by assessing
social, cognitive, behavioral, and emotional engagement separately. However, unlike STEM
identity, these subscales were averaged to create a general engagement scale. Time points for
survey administration occurred prior to the intervention, immediately following the intervention,
and three months after the conclusion of the intervention.
Participants
Participants in this study were 12- and 13-year-old seventh grade students at an
independent school on the Upper West Side of Manhattan. The school is home to approximately
1,300 students ranging from pre-kindergarten through twelfth grade with a student-teacher ratio
of six to one. Most students have attended the school since entering the Grammar School and
have taken general sciences courses grounded in inquiry and lab activities with an emphasis on
Maker Space integration into the science curriculum. The Middle School became an independent
division within the school beginning in the 2016-1017 school year and encompasses the fifth,
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sixth, and seventh grades. Since entering the middle school in fifth grade, students participated in
two years of inquiry-based science grounded in project-based learning (PBL). In fifth grade,
students engaged in four project-based learning units followed by three during their sixth-grade
year. While students have participated in PBL in the past, the chosen intervention was a capstone
middle school unit that has been the most finely tuned and longest running PBL unit in the
middle school. Fidelity of implementation and adjustments to the unit have improved student
learning outcomes since its inception, so there was not concern that data were skewed by
students’ prior PBL work. Approximately 270 students attend the middle school with 30%
identifying as students of color and 16.5% of students receiving financial aid. The majority of
students participating in this study were considered to come from families with high
socioeconomic status.
For this study, the entire seventh-grade class, consisting of six sections, was asked to
participate. Participation was on a voluntary basis, and students were not incentivized to
participate. Additionally, they were informed that not participating would in no way affect their
academic standing. This sample consisted of 83 students including 51 boys and 31 girls with one
student identifying as non-binary. Of the 83 participants, one identified as American Indian of
Alaska Native (1.1%), 13 as Asian (14.6%), seven as Black or African American (7.9%), five as
Hispanic or Latinx (5.6%), and 56 as White (62.9%) with one student choosing not to share his
or her race/ethnicity. The six sections were divided between two teachers, each of whom taught
three groups of students. Both teachers have over a decade of middle school teaching experience.
The first teacher, a male in his fifties, had worked at the school for ten years after having
previously taught high school chemistry. While he usually teaches fifth and sixth grades, he took
over the seventh-grade classes that would have been taught by the primary researcher for the
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purpose of this study. The second teacher, a woman in her thirties, had spent her entire elevenyear career teaching middle school grades at the school in which this study occurred. She has
taught seventh grade every year during that time. Both teachers have experience teaching PBL
across multiple middle school grades with the latter having taught this intervention unit for five
years in a row. Science classes were held across three rooms all of which were adjacent to one
another on the same floor of the middle school with two sections always have class
simultaneously. Students had science class six days out of an eight-day rotating cycle. Both
teachers followed the same set of lesson plans. To ensure fidelity of implementation, the
researcher, who wrote the intervention unit, observed classes and advised the teachers on a
variety of instructional strategies. Additionally, these two teachers met once per eight-day cycle
to discuss the unit by debriefing on previous lessons and previewing those to come which
allowed for cooperative planning time. This allowed all participating students to have the same
experience during the intervention.
Participants have had exposure to PBL in prior academic years. In fourth grade, their
final year in the grammar school, students participated in an “oil spill” project in which they
devised ways to clean up an oil spill from a body of water. When they moved into the fifth grade,
students participated in numerous PBL units including building rollercoasters and catapults,
creating inventions using circuit boards as they learn about electricity, and building and testing
bridges made of popsicle sticks. In sixth grade, students again engaged in PBL as they learned
about evolution through the use of robotics and invented a bioengineering product that they
created in augmented reality. The difference between all of these and the chosen intervention
unit was that the intervention was considered the capstone project for middle school students. As
seventh grade was the final middle school year at the participating school, this project was the
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biggest and most robust PBL experience they had engaged in up to that date. Additionally, while
other units aligned relatively well with the chosen framework for PBL, none embodied Krajcik
and Blumenfeld’s (2006) model better than the chosen intervention. For these reasons, this
specific unit was selected for this study.
Demographics
Gender was considered alongside STEM identity to further assess the effectiveness of the
intervention. Gender, which participants were able to identify as male, female, or non-binary,
was a key demographic variable since prior research implies that disinterest may keep women
away from pursuing careers in STEM (AAUW, 2000). Women identify and perform better when
an instructor facilitates learning as opposed to traditional lecture courses which are just a transfer
of information, the latter of which supports and appeals to men more than women (Barrett, 2006;
Philbin et al., 1995). In fact, women who leave STEM majors reported more lecture-based
instruction while stating the highest preference for active learning environments when compared
to their peers (Rainey et al., 2019). Women continue to be underrepresented in most STEM fields
when compared to their representation within the US population. They hold less than 30% of
STEM jobs, with Hispanic, Black, and Indigenous women combining to represent less than 10%
of these jobs (National Science Foundation, 2019). Additionally, boys of higher socioeconomic
status (SES) report the highest rates of STEM career aspirations followed by lower SES boys,
higher SES girls, and lower SES girls respectively (Saw et al., 2018). Much research suggests
that late elementary and middle school years are the developmental stage wherein gender
differences begin to surface in girls’ perceived sense of belonging and potential future in STEM
careers due to the historical examples and cultural stereotypes that portray STEM as white and
male (Calabrese Barton et al., 2013; Kim et al., 2018). STEM identity requires opportunities for
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girls to develop interest and competence in STEM-related skills, put these competencies into
action, and receive recognition by perceived experts (Carlone & Johnson, 2007). All youth must
experience these opportunities and self-perceived competence for them to succeed in their
chosen field and see the value in these fields (Eccles, 2007).
The middle school years have been identified as a crucial time in sustaining and
improving girls’ STEM identities as it is during this time when girls are deciding what kind of
girl to be and envisioning desired versions of their future selves (Allen & Eisenhart, 2017). An
ideal learning environment that allows this to happen gives learners time to practice and reflect
on STEM skills such as asking questions, communicating ideas, and drawing conclusions
(Barron & Bell, 2015). A few foundational tenets have emerged in bolstering girls’ STEM
identities and support their interest within STEM. First, educational opportunities that allow girls
to drive the design around personally relevant topics and create experiences for them to explore
topics that they care about or impact their community improve their interest and attitudes toward
STEM (Thomas et al., 2017). Personally relevant problems bring their interest and knowledge to
the forefront and allow them to explore ideas and topics that increase their chances of wanting to
pursue STEM in the future.
The second important factor in bolstering girls’ STEM identity is to support them as they
investigate questions and problems using STEM practices (Hughes et al., 2021). These practices
are authentic behaviors that align with the ways of doing science used by STEM professionals
(NGSS Lead States, 2013). By taking ownership of their STEM learning and engaging in
meaningful STEM work, girls’ perceptions of STEM fields are positively influenced along with
their identities, and they can redefine what STEM means to them. Authentic meaningful
activities may include doing the work of scientists (such as collecting field samples or designing
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and building a functioning structure), using tools of STEM professionals, and addressing openended questions without a correct answer (Buchholz et al., 2014; Riedinger & Taylor, 2016).
Introducing girls to a variety of STEM practices, such as designing and problem solving, with
STEM tools in an environment where they are supported in their attempts at new practices and
ideas allows them to become more confident and engaged. This, in turn, results in more positive
STEM identity development. Educators must create STEM opportunities that are open-ended and
allow girls to employ everyday language to make sense of STEM ideas and terminology (Hughes
et al., 2021).
A third vital tenet when supporting girls in STEM is to encourage them to identify and
challenge STEM stereotypes. These stereotypes are generally associated with traditional school
science which privileges the idea that science is based on known facts and results are based on a
rigid scientific method leaving minimal room for curiosity or mistakes (Carlone et al., 2014).
Research shows that girls are often forced to conform to behaviors such as silent notetaking
which inhibits them from gaining skills in STEM such as taking risks, tinkering, and arguing
results based on their own findings. Girls who exhibit these skills are sometimes penalized or
punished (Carlone et al., 2015).
A final foundational piece in bolstering girls’ STEM identity is to emphasize that STEM
is collaborative, social, and community-oriented (Hughes et al., 2021). Many students believe
STEM fields are lonely, and that practitioners do not help one another (Carli et al., 2016). This
stereotype frequently prevents girls who view altruism as core to their gender identity from
seeing these fields are aligned with their communal goals of working with and helping others
(Diekman et al., 2015). Research shows the benefits of creating educational programs that
incorporate collaboration and community responsiveness as beneficial to girls’ sense of
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belonging within STEM (Cantley et al., 2017). By working with others in an inclusive, nurturing
space, girls’ confidence regarding their abilities increases allowing them to exchange ideas and
consider and explore their own and outside perspectives (Riegle-Crumb & Morton, 2017). These
positive learning environments offer opportunities to build relationships and a collective identity
that strengthens girls’ STEM identity (Ryoo & Kekelis, 2018).
Two other demographics, socioeconomic status (SES) and race/ethnicity, were initially
considered for this study. However, the sample had very little diversity in either demographic.
The vast majority of participants were white, high SES students, so these variables were omitted
from this study. With that said, much more work is needed in these demographics and their
relationships with STEM identity and persistence in STEM. Much work in these fields looks at
the intersectionality of race, gender, and SES (Ball et al., 2019; Perry et al., 2012; Saw et al.,
2018), but further work should be considered in assessing how these demographics affect STEM
identity and what could be done to improve this.
Measures
In this section, selected measures for each construct will be described, and the reasoning
behind their selection will be explained. Each measure assessed a specific construct within the
logic model presented in the previous chapter. First, the measures selected for STEM identity
will be explained with a subscale assessing each of the four components. Following that, a
rationale will be given describing the engagement scales selected of which there are four and can
be combined for a measure of general engagement. These measures and their corresponding
constructs are outlined in Figure 3.
Figure 3
Illustration of this study’s logic model with measurements for each construct
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STEM Identity
Consideration was given to a number of surveys and measures regarding STEM identity
including Dou et al.’s (2019) measure of STEM identity, the STEM Professional Identity
Overlap (McDonald et al., 2019), the Implicit Association Test of attitude and identity towards
science (Young et al., 2013), and the Student Attitudes Toward STEM survey (Unfried et al.,
2015). While each of these surveys showed high reliability and validity, none aligned well with
the framework for STEM identity being employed in this study. None measured the four key
elements that compose STEM identity, so they were not chosen for this work. Only one measure
matched the definition of STEM identity being utilized here.
For this study, the Role Identity Survey in Science, Technology, Engineering, and
Mathematics (RIS-STEM) was used. This survey was founded on Carlone and Johnson’s (2007)
conceptualization of identity which stated that one’s STEM identity is composed of the
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interrelated components of performance, competence, and recognition. This model emphasizes
dual components of recognition: recognition by others and self-recognition. The fourth
component of interest, as expanded upon this model by Hazari et al. (2010), was also measured
as a reflection of one’s desire and curiosity to think about or understand STEM. All items were
measured on a four-point Likert-type scale ranging from “Strongly Disagree” to “Strongly
Agree.” The interest scale in the RIS-STEM not used in the present study for reasons to be
discussed in the following section. However, it is included in this discussion to give a more
robust explanation regarding the validation of the RIS-STEM. All items comprising each
subscale of the RIS-STEM survey can be found below in Table 1.
Table 1
Items comprising each subscale of the RIS-STEM survey (Paul, Maltese, & Valdivia, 2020).
Subscale
Competence

Item
I think I am very good at coming up with questions and problems
related to STEM.
I am confident that I can understand STEM activities in class.
Others ask me for help on STEM activities.
I like to design solutions to problems during STEM design
challenges.
I can apply STEM ideas to solve challenges.
I am able to do well in activities that involve STEM.
I usually understand what we are talking about during STEM
activities.

Interest

I love designing things!
I like to figure out how things work.
I feel satisfied when completing STEM activities.
After a really interesting STEM activity is over, I can’t stop thinking
about it.
I enjoy learning about STEM.
Doing STEM is fun.
I like the challenge of STEM activities.

Recognition by Others

My teacher sees me as a STEM person.
My best friends see me as a STEM person.
My family sees me as a STEM person.
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My parents would like it if I choose a STEM career.
Others think that I would be good at a STEM job.
Other kids in my class see me as a STEM person.
My STEM teacher sees me as a STEM person.
Self-Recognition

It is likely that STEM will be part of my job someday.
I want to learn as much as possible about STEM.
When I grow up I want to work on a team with STEM professionals.
When I grow up I want to work in STEM.
I see myself as a STEM person.
I feel like a STEM person when I apply STEM ideas to my life.

The reliability and validity of RIS-STEM was solidified over the course of two major
studies (Paul et al., 2020). In the first, 242 third through sixth grade students enrolled in urban,
suburban, and rural classrooms through the Northeastern United States completed the survey.
Analyses were performed on the four survey subscales of competence, interest, self-recognition,
and recognition by others. Within competence, two of the original nine items were removed
yielding a seven sub-scale item that had a Cronbach’s alpha of .82. PBIS, the point biserial
correlation between an individual item and the total scale score, was also calculated. These
values were strong, ranging from .48 to .62 across items. Based on a confirmatory factor and
item response theory analyses, Paul et al. (2020) found that a single factor model for competence
was reasonable, and item-level analyses showed that the seven items yielded an accurate measure
of competence. The interest section was shortened to seven items, and an alpha of .883 was
calculated with strong PBIS scores of .57 to .79 across all items. The overall model fit of the
interest scale was found to be adequate. The six item self-recognition scale had an alpha of .921
with very strong PBIS values ranging from .72 to .84 across items. Analysis indicated a strong
model fit for this sub-scale as well. Finally, the six item sub-scale for recognition by others was
found to have an alpha of .901 and strong PBIS values ranging from .61 to .81.
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In the second study by Paul et al. (2020), 678 fourth and fifth grade students enrolled in a
Southwestern United States school district completed the RIS-STEM. Confirmatory factor and
item response theory analyses were conducted for each subscale separately prior to fitting a
single factor model. Across the scales for the construct of identity, alpha values ranged from .787
(competence) to .886 (recognition by others). Paul et al. (2020) considered these values high due
to the small number of items in each scale. Items associated with each scale generally supported
conclusions of individual single factor models and individual items had very good model fit.
Finally, estimates of item parameters suggested that items were discriminating well among the
respondents. Data from this study is displayed in Table 2.
Table 2
Reliability and item analysis for RIS-STEM identity scales (Paul, Maltese, & Valdivia, 2020).
Scales
Competence
Interest
Self-recognition
Recognition by others

n
604
594
603
597

No. of items
7
7
6
6

a
.787
.807
.837
.884

PBIS range
.43-.58
.33-.69
.55-.66
.59-.75

In preparation for this study, the RIS-STEM was piloted with 46 students from the school
where the current research took place. This pilot study was run a year prior to the current study,
and there was no overlap in participants between the two studies. Strong reliability, as assessed
by Cronbach’s alpha, were found across all four sub-scales ranging from .899 (interest) to .925
(self-recognition). Data from this pilot study can be found below in Table 3.
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Table 3
Reliability analysis for RIS-STEM identity scales in pilot study.
Scales
Competence
Interest
Self-recognition
Recognition by others

n
39
36
34
37

No. of items
7
7
6
6

a
.901
.899
.922
.925

STEM Interest
The interest measure in the RIS-STEM was replaced with the interest measure from the
STEM Career Interest Scale (STEM-CIS). Specifically, the science interest subscale was used in
this study. There are a number of reasons for this change. First, the vast majority of the
intervention took place within science class and in the science classroom, and this subscale is
tailored specifically for that situation. Second, this interest scale is more robust with eleven items
measuring interest. Finally, this scale had more alignment with the definition of interest being
employed in this study. This includes items measuring the desire to pursue science in the future,
having a role model in the field, and the desire to connect with others in the discipline (Carlone
& Johnson, 2007; Garner & Kaplan, 2018). As in the last section, the entire survey from which
this scale was drawn will be discussed to provide a more robust description of its source and how
its reliability and validity were assessed.
Created by Kier et al. (2014), this survey employs a five-point Likert scale, ranging from
“Strongly Disagree” to “Strongly Agree,” to measure interest across the four subscales of
science, technology, engineering, and mathematics. Kier et al. (2014) tested the survey using
1,061 student participants in seven middle schools in the southeastern United States. Four total
confirmatory factor analyses were run with one for each content area. Model fit was strong for
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all four sub-scales across the root mean square error (RMSEA), comparative fit index (CFI), and
the normed fit index (NFI) and standardized factor loadings were strong for all items indicating
that each scale represents a single, coherent factor. Alphas and sample sizes for each sub-scale
can be found below in Table 4 with items for each subscale in Table 5. Sample sizes are different
for each subscale as multivariate outlier were removed.
Table 4
Reliability analysis for STEM-CIS subscales (Kier et al., 2014).
Subscale
Science
Mathematics
Technology
Engineering

a
.77
.85
.89
.86

n
831
829
1,056
250

Table 5
Items in each scale measured on the STEM-CIS survey (Kier et al., 2014).
Subscale
Science

Item
I am able to get a good grade in my science class.
I am able to complete my science homework.
I plan to use science in my future career.
I will work hard in my science classes.
If I do well in science classes, it will help me in my future career.
My parents would like it if I choose a science career.
I am interested in careers that use science.
I like my science class.
I have a role model in a science career.
I would feel comfortable talking to people who work in science careers.
I know of someone in my family who uses science in their career.

Mathematics

I am able to get a good grade in my math class.
I am able to complete my math homework.
I plan to use mathematics in my future career.
I will work hard in my mathematics class.
If I do well in mathematics classes, it will help me in my future career.
I am interested in careers that use mathematics.
My parents would like it if I choose a mathematics career.
I like my mathematics class.
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I have a role model in a mathematics career.
I would feel comfortable talking to people who work in mathematics careers.
I know someone in my family who uses mathematics in their career.
Engineering

I am able to do well in activities that involve engineering.
I am able to complete activities that involve engineering.
I plan to use engineering in my future career.
I will work hard on activities at school that involve engineering.
If I learn a lot about engineering, I will be able to do lots of different types of
careers.
My parents would like it if I choose an engineering career.
I am interested in careers that involve engineering.
I like activities that involve engineering.
I have a role model in an engineering career.
I would feel comfortable talking to people who are engineers.
I know of someone in my family who is an engineer.

Technology

I am able to do well in activities that involve technology.
I am able to learn new technologies.
I plan to use technology in my future career.
I will learn about new technologies that will help me with school.
If I learn a lot about technology, I will be able to do lots of different types of
careers.
My parents would like it if I choose a technology career.
I like to use technology for class work.
I am interested in careers that use technology.
I have a role model who uses technology in their career.
I would feel comfortable talking to people who work in technology careers.
I know of someone in my family who uses technology in their career.

Engagement
Engagement was measured as student engagement, a strong predictor of academic
performance and choice to pursue further work in STEM (Hughes, et al., 2008). Numerous
engagement measures were initially considered for this study including Burch et al.’s (2015)
student engagement survey, the National Survey of Student Engagement (Kuh, 2009), and the
Rutgers University Mathematical Engagement Structures Inventory (Craft & Capraro, 2017;
Schorr et al., 2010). While each of these surveys showed high validity and reliability, survey
length and alignment with this study’s framework for engagement were important factors.
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Specifically, engagement measures that focused on STEM and included the four main
components of engagement were necessary. Within STEM, measuring science engagement was
particularly important within the context of this study as most of the intervention took place in
science class. That led to the elimination of these measures and the decision to use Wang et al.’s
(2016) math and science engagement scales. Four subscales were measured on this survey
including cognitive, behavioral, emotional, and social engagement. The original survey consisted
of 33 items on a 5-point Likert scale. Wang et al. (2016) tested their survey in six public school
districts in western Pennsylvania. A student sample of 3883, sixth through twelfth grade students
participated in the study. Confirmatory factor analyses showed that each subscale was shown to
measure their respective type of engagement. Measurement invariance by gender, grade level,
socioeconomic status, and race established that the content of all items were perceived and
interpreted similarly across demographic groups. Table 6 shows the Cronbach’s alpha for each
subscale including general engagement which will be the focus of this study, and Table 7 shows
the items within each subscale. As the intervention occurred primarily in science classes, only
the science engagement scales were used.
Table 6
Reliability analysis of math and science engagement subscales (Wang et al., 2016).

Math
Science

General
engagement
.93
.92

Cognitive
engagement
.75
.76

Behavioral
engagement
.82
.81

Emotional
engagement
.89
.89

Social
engagement
.74
.73

Table 7
Items used to measure each engagement subscale (Wang et al., 2016).
Subscale
Cognitive Engagement

Item
I go through the work for science and make sure that it’s right.
I think about different ways to solve a problem.
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I try to connect what I am learning to things I have learned before.
I try to understand my mistakes when I get something wrong.
I would rather be told the answer than have to do the work. (rev)
I don’t think that hard when I am doing work for class. (rev)
When work is hard, I only study the easy parts. (rev)
I do more than is required in class.
Behavioral Engagement

I stay focused.
I put effort into learning science.
I keep trying even if something is hard.
I complete my homework on time.
I talk about science outside of class.
I participate in class.
I do other things when I am supposed to be paying attention. (rev)
If I don’t understand, I give up right away. (rev)

Emotional Engagement

I look forward to science class.
I enjoy learning new things about science.
I want to understand what is learned in science class.
I feel good when I am in science class.
I often feel frustrated in science class. (rev)
I think that science class is boring. (rev)
I don’t want to be in science class. (rev)
I don’t care about learning science. (rev)
I often feel down when I am in science class. (rev)
I get worried when I learn new things about science. (rev)

Social Engagement

I build on others’ ideas.
I try to understand other people’s ideas in science class.
I try to work with others who can help me in science.
I try to help others who are struggling in science.
I don’t care about other people’s ideas. (rev)
When working with others, I don’t share ideas. (rev)
I don’t like working with classmates. (rev)
Procedures

Prior to the school year, the Head of School where the study was held gave permission
for this research to be conducted at this institution and subsequently signed a consent form that
outlined the study in detail. At the beginning of the school year, parental permission forms were
distributed to all parents of seventh grade students within the school community. These forms
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outlined, in detail, how each of the three measurements were distributed to students as well as the
timing of each. The estimated measurement dates were at the end of October, middle of
December, and mid-March prior to the school’s spring break. Parents had the option to digitally
return the permission form or have their child return a hard copy. Digital forms were kept in a
password protected local drive, and hard copies were locked in a private location at the
researcher’s residence. Child assent was gathered at the beginning of each measurement on the
survey itself. This assent informed the participants that their responses were anonymous and that
there were no academic benefits or incentives for participation. Both permission and assent
forms provided contact information for the researcher, as well as the research institution, along
with a detailed description of what this data was being used for and why. Figure 4 provides a
visual representation of this study’s timeline. The survey itself, which can be found in the
appendix, was composed of the complete RIS-STEM and STEM-CIS surveys as well as the
cognitive, behavioral, emotional, and social engagement scales, in that order. It was created and
distributed using Qualtrics to assure student anonymity and not collect location data or IP
addresses. Students were asked to complete the survey within a two-day window of receiving it.
They did this on their own at home or in school during study halls and free periods if they so
chose. Participants requiring accommodations, such as extra time or having questions read to
them, had the option of meeting with their teacher or learning specialist to meet these specific
needs. As the survey responses were not collected during academic time, students not
participating were not disadvantaged, and participation remained anonymous amongst the
students. Figure 4 shows an overview of this study’s timeline.
Figure 4
A timeline of the current study.
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Participants were divided into six science sections of students with two teachers
responsible for implementing the unit with each teaching three sections. Students were in these
same sections for technology classes as a portion of the intervention took place during these
times as well. Two technology teachers divided these groupings with one teacher having four
sections and the other leading two. Fidelity of implementation was monitored by the investigator
through classroom observations and discussions with teachers during which feedback was
provided. All teachers used the same materials and activities as all curricular material had been
written beforehand and had been provided to the teachers. This unit was first written and
implemented in 2016 by the primary investigator and had evolved, developed, and improved
each year based on student and teacher feedback as well as observations and data collected each
year. In addition to being selected for its excellent alignment with the chosen PBL framework, it
was also the best developed PBL unit within the middle school and had already proven to have
high fidelity of implementation in past years.

68
The intervention unit commenced with students being reintroduced to the concepts of
density, volume, and mass by engaging in an inquiry lesson using various blocks and cylinders.
This content spiraled from previous years in which students were introduced to density and how
it was affected by mass and volume. After this investigation and debrief, a formal introduction to
the main challenge of the unit occurred. Students were tasked with creating a boat out of
recyclable material that could float an adult across the school pool. Each group of three or four
students partnered with a different middle school faculty or staff member for whom they created
this boat, and the groups were responsible for scheduling and completing an interview with their
faculty or staff member to customize the boat specifically for them.
In class, students continued exploring the concept of density as they participated in a lab
in which they calculated the densities of various liquids and attempt to stack the liquids on top of
one another in a graduated cylinder. The goal of this activity was for students to successfully
calculate the density of water and learn that items, even liquids, with a lower density than water
floated on it. After this, students engaged in an inquiry-based activity in which they created a
working definition of buoyancy and were introduced to Archimedes’ principle. As this occurred,
students set up a blog on the school’s learning management system (LMS) to keep track of their
progress throughout the unit. Their first post was the interview they conducted with their
partnered faculty or staff member regarding their required boat specifications. These blogs were
continuously added to throughout the project as students continued to engage in the engineering
design cycle. They posted any time they were brainstorming, creating blueprints, testing
materials, building prototypes, and engaging in the creation of their final boats.
Students then began putting their knowledge of density and buoyancy to the test as they
tested the buoyancy of various potential materials for their boats with the goal of choosing one
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final material which they used to help increase their boat’s buoyancy. Based on the results of
these tests and measurements, student groups selected their chosen material which, in addition to
cardboard and duct tape, was used to create their boat. This led into the creation of an initial
blueprint and a silent gallery walk during which students left one another feedback on their work
and ideas. In technology class, these blueprints were revised and used to create a threedimensional model of their boat, to-scale, using the application SketchUp while students
simultaneously explored the other properties of water, specifically viscosity and surface tension,
in their science classes.
Each group created a scaled down model, or prototype, of their boat to test out their
designs. These prototypes were tested by being placed in a tub of water and loaded with weights.
Based on their observations, students assessed what changes needed to be made to their designs
before they moved forward with the creation of their full-sized boats. Each group then shared out
what problems their designs faced and how they planned to overcome them including whether
they wanted to make any changes to their finalized materials list. Students calculated the surface
area of the cardboard they needed as well as an estimate as to the amount of duct tape prior to
filling out a budget sheet and submitting it for approval. Groups remained under budget and
continuously accounted for this as they entered the building phase of the unit.
Once budgets were approved, groups were able to start building their full-sized boat, and
they continued to document their progress in their blogs. Throughout this process, student groups
addressed issues that came up while building, revisiting their designs, and making revisions
when necessary. During this phase, teacher and staff partners checked-in with their groups to see
how things were going and address any issues that may have come up regarding their given
specifications during the initial interview process. Finally, once the boats had been built, a finale
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regatta was held in the school pool. Groups brought their boats from the science labs over to a
staging area outside of the pool where they met their faculty and staff partners. Each section
brought their boats into the pool area, and assigned adults were tasked with rowing their boats
across the school pool and back. This event was livestreamed for parents and the rest of the
school community to watch. To wrap up the unit, students wrote a reflection essay and filled out
a self-assessment using a provided rubric. After the unit finale, students took the same survey as
a posttest. It was once again be delivered using the application Qualtrics. The survey then was
given a third time three months later to see if there were sustained changes to STEM identity and
engagement. Each wave of data collection served a specific purpose within the study. The initial
survey measured students' STEM identity and engagement levels prior to participation in the
PBL unit, establishing a baseline for comparison, while the second survey collected measurable
changes that occurred over the course of the unit. The third measurement was taken three months
following the conclusion of the unit due to time constraints as this study needed to be completed
before the end of the academic year. This final measurement was intended to see if changes
observed at the end of the PBL unit were sustained over time. Ideally, this could be measured
longitudinally over a longer period of time with multiple measures within that longer time frame;
however, time was a constraint in this case. This is elaborated on in chapter five.
Data Analysis
Participant responses were collected within Qualtrics. Data was extracted from Qualtrics
and stored on a secure, password protected hard drive. These data were then analyzed using the
software program SPSS. Missing data were dealt with using listwise or case deletion. Scales had
been predetermined based on the prior research by those who had created the measurements, so
individual items had already been grouped. A factor analysis was not conducted as prior research
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had shown that each tool being used was reliable, so no further factor analysis was necessary.
Internal reliability testing was conducted on each scale using Cronbach’s alpha with acceptable
reliability being held above the .70 level (Taber, 2017). If a scale fell below the .70 cutoff, an
item-by-item analysis was conducted and discussed as a limitation of the study. Demographic
information was collected for both gender and race. A breakdown of participant options for those
two demographics can be found below in Table 8.
Table 8
List of demographic options for survey participants.
Demographic
Gender

Options
Male
Female
Non-binary

Race

American Indian or Alaska Native
Asian
Black or African American
Hispanic or Latinx
Native Hawaiian or Pacific Islander
White

A correlational analysis was performed between STEM identity and engagement. Mean
scores of individual items within each scale constructed the subscales for STEM identity. As the
RIS-STEM subscales could not be combined to form one identity score (Paul et al., 2020), each
subscale of STEM identity was compared to each subscale of engagement including the general
engagement scale, an average of all engagement scales together. A correlation matrix was
created and analyzed for each timepoint. The relationship between all scales of STEM identity
and engagement were analyzed at each time point to see if they were correlated. To analyze the
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second research question, gender differences in STEM identity and engagement at each time
point, ANOVAs were run comparing gender for both constructs.
For the final two research questions, “How does STEM identity change over time when
middle school students participate in a project-based learning unit?” and “How does student
engagement change over time when middle school students participate in a project-based
learning unit?”, repeated measures ANOVAs with multiple within-subjects effects were used to
analyze change over the course of the three timepoints. This was done for STEM identity and
engagement respectively. In other words, STEM identity and engagement were analyzed
individually to see if there were significant changes over the course of the three timepoints.
Intervention
The intervention took place over the course of approximately one and a half months with
the full seventh grade at the participating school. The intervention, an engineering and physicsbased unit in which students built full-sized, functioning boats out of recyclable materials, was
created based on Krajcik and Blumenfeld’s (2006) model of PBL in which students gain deeper
understanding of material when they actively construct their understanding by working with and
using ideas. With this framework in mind, the unit was designed around Krajcik and
Blumenfeld’s (2006) five key features of a PBL experience – a driving question, inquiry-based
activities, collaboration, learning technologies, and creation of a final public product.
Every PBL unit must be framed around a driving question or problem to be solved. In
this case, students tackled the driving question “How can we construct a functioning boat out of
recycled materials?” In the end, each student group was tasked with creating a full-sized boat
that could float an adult in the school pool. A second key feature of PBL is that students explore
and investigate this driving question through participation in inquiry-based activities and work.
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This allows students to learn and apply important ideas and skills of the discipline. Throughout
this unit, students did exactly that as they engaged in labs and activities around the concepts of
density, buoyancy, surface tension, viscosity, water displacement, and Archimedes’ principle. By
engaging in a variety of activities and hands-on experiences, they gained the skill set necessary
to construct their final product.
Krajcik and Blumenfeld (2006) also identified student and teacher collaboration in
finding solutions to the driving question mirroring how experts solve problems in the real world
as a foundational PBL component. Within this intervention, student groups were partnered with a
teacher for whom they specifically designed their boat. In creating their product for a specific
user, they engaged in the design thinking process that engineers engage in when working in real
life scenarios. Additionally, students collaborated with their peers and classroom teachers as they
moved through the unit and worked through the engineering design process to create their final
boats. They were taught to think like scientists and engineers as they worked towards completing
the unit and learning all the skills and content associated with the driving question.
Learning technologies, another essential element of Krajcik and Blumenfeld’s (2006)
PBL model, were incorporated into this unit in meaningful ways that enhanced student work and
learning outcomes. Throughout the project, students kept a blog of their work with each post
answering five prompts about what they have learned, what they have accomplished, and what
the next steps are towards achieving their goal of creating a functioning full-sized boat. This blog
was visible to anyone in the school community, and students and teachers were encouraged to
read them and provide feedback. Specifically, teachers that were partnered with groups followed
the process, left feedback, and kept track of the boats that were being created for them.
Additionally, the three-dimensional (3D) modeling and design program SketchUp was

74
introduced to students. This program is used in the real world by engineers, architects, and
designers across many content areas and disciplines and is an important skill for students to
build. In their technology classes, students created a to-scale 3D rendering of their boat in lieu of
a traditional blueprint. This incorporation of technology allowed students to interact with the
broader community, collaborate with teachers and students, and learn an important, real world
application.
The final key element of PBL identified by Krajcik and Blumenfeld (2006) was that
students create a tangible, publicly shared product that addresses the driving question. In this
unit, student groups created full-sized boats that their partner teacher must successfully row
across the school pool. This event was live streamed for the whole community to watch
including students, parents, faculty, and anyone the stream is shared with. Students were
interviewed prior to the start of the regatta, and then teachers rowed their boats across the pool
and back. A recording of the event was shared with the community following its conclusion, and
students made their own recordings that were uploaded to their blogs following the regatta.
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CHAPTER 4: RESULTS
This section presents data analysis results regarding whether STEM identity and
engagement changed over time for middle school students who participated in a project-based
learning (PBL) unit. Three self-report surveys were administered: one prior to the unit, a posttest
immediately after the unit concluded, and a third three months later to see if there were delayed
effects from the intervention. The surveys included measures of competence, self-recognition,
recognition by others, and interest to assess STEM identity as well as cognitive, emotional,
social, and behavioral engagement. The engagement scales were then combined to measure
general engagement. Correlational analyses were run to see if there were relationships between
the subscales of these two constructs over time. Gender differences for initial STEM identity and
engagement as well as changes in these areas over time were also analyzed.
This chapter consists of five sections. Following a description of scale reliability and an
outline of descriptive statistics, sections are in the same order as the research questions posed in
chapters one and two. The first section details the relationships between STEM identity and
science engagement scales, the second section looks at gender differences that occurred at each
survey administration time point, and the third analyzes how STEM identity and science
engagement changed over time for the both the full sample as well as each gender.
Scales
The purpose of this section is to analyze the reliability of all survey subscales for each
survey administration. The three RIS-STEM subscales of competence, self-recognition, and
recognition by others combined with the STEM-CIS interest subscale comprise STEM identity
while Wang et al.’s (2016) scales of behavioral engagement, cognitive engagement, social
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engagement, and emotional engagement are looked at separately and then combined to measure
general engagement.
The first survey administration took place prior to the intervention at the end of October
in 2021 and was delivered via the online survey software Qualtrics. The survey included four
subscales measuring STEM identity as well as four measuring engagement. The four
engagement subscales were combined to assess “general engagement” which constituted
averaging all four forms of engagement together (Wang et al., 2016). Reliability analyses were
run on each subscale with Cronbach’s alpha being calculated for each. A factor analysis was
deemed unnecessary as both measures, for identity and engagement, have been previously
validated in numerous studies (Paul et al., 2020; Wang et al., 2016). All subscales of the RISSTEM (Paul et al., 2020) were found to be in the acceptable range which was set at .70 (Taber,
2017). The interest subscale, taken from the STEM-CIS, also had an alpha in the acceptable
range. For engagement, the behavioral, emotional, and social subscales all had acceptable alphas.
The subscale for cognitive engagement showed a low reliability with an alpha of .49. Upon an
item analysis, it was found that one item, “When work is hard, I only study the easy parts,” was
responsible for lowering the score of subscale. However, on future survey administrations, this
item was not problematic. Therefore, all items of the subscale were included, despite a lower
reliability, to ensure continuity across each time period and to allow for comparison over time.
The second survey administration took place following the intervention in mid-December
of 2021 and was also delivered via the online survey software Qualtrics. Reliability analyses
were again run on each subscale with Cronbach’s alpha being calculated for each. All subscales
of the RIS-STEM were found to be in the acceptable range. The STEM-CIS interest subscale
also had an alpha in the acceptable range. For engagement, the behavioral, emotional, and social

77
subscales all had alphas within the acceptable. The subscale for cognitive engagement showed a
low reliability with an alpha of .56. Upon an item analysis, it was found that one item, “I do just
enough to get by,” was responsible for lowering the score of the subscale. Again, as with the first
survey administration, this item was left in to ensure continuity over time and allow for
comparison between time points.
The third and final survey administration took place at the beginning of March of 2022
using the same methods. Reliability analyses were once again run on each subscale with
Cronbach’s alpha being calculated for each. All subscales of the RIS-STEM and STEM-CIS
were found to be in the acceptable range. For engagement, the behavioral, emotional, and social
subscales all had alphas within the acceptable range. The subscale for cognitive engagement
showed a low reliability with an alpha of .44. Upon an item analysis, it was found that the same
item from the second measurement, “I do just enough to get by,” was responsible for lowering
the score of subscale. As with the first and second time periods, this item was again left in.
Lastly, general engagement was at an acceptable range across all three time periods. Reliability
for each subscale of STEM identity across all three time periods can be found in Table 9, and
reliability for all engagement subscales is below in Table 10.
Table 9
Reliability (Cronbach’s alpha) for each STEM identity subscale across all three time points.
Subscale
Competence
Recognition by
Others
Self-Recognition
Interest

Time 1
.81 (N = 81)
.91 (N = 81)

Time 2
.87 (N = 80)
.90 (N = 78)

Time 3
.88 (N = 78)
.90 (N = 77)

.87 (N = 80)
.76 (N = 83)

.91 (N = 81)
.81 (N = 76)

.88 (N = 78)
.84 (N = 79)

Table 10
Reliability (Cronbach’s alpha) for each engagement subscale across all three time points.
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Subscale
Cognitive
Behavioral
Emotional
Social
General

Time 1
.49 (N = 80)
.71 (N = 81)
.87 (N = 80)
.75 (N = 82)
.92 (N = 72)

Time 2
.56 (N = 81)
.76 (N = 80)
.76 (N = 78)
.84 (N = 81)
.93 (N = 74)

Time 3
.44 (N = 79)
.70 (N = 67)
.89 (N = 75)
.73 (N = 78)
.93 (N = 68)

Descriptive Statistics
Mean, standard deviation, and sample size for each subscale of STEM identity and
engagement from each time point can be found in the tables within this section. It is important to
note that STEM identity scales of competence, self-recognition, and recognition by others were
assessed on a four-point Likert scale while all other subscales, including those measuring interest
and engagement, are five-point Likert scales. These scales, taken from the role identity survey
for STEM (RIS-STEM) were specifically developed as a more age-appropriate instrument for
younger students. After an initial four phase study, it was determined that a four-point Likert
scale was the best for this age group as they use all four responses more consistently when
compared with Likert responses with three or five potential responses (Paul et al., 2020). This
style of scale has been found to be easier to interpret by younger children than traditional scales
(Moore et al., 2011; Sha et al., 2015). Descriptive statistics for all subscales of both constructs
across the three time points can be found in Tables 11-16.
Table 11
Time 1 descriptive statistics for STEM identity subscales.
Subscale
N
Mean
SD
Competence
82
3.03
.56
Self-Recognition
83
2.48
.75
Recognition by Others
82
2.58
.80
Interest*
82
3.83
.67
Note: STEM identity scales were measured on four-point Likert scales with the exception of
interest.
*Measured on a five-point scale
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Table 12
Time 1 descriptive statistics for engagement subscales.
Subscale
N
Mean
Cognitive
81
3.71
Behavioral
81
4.04
Emotional
81
4.03
Social
82
4.03
General
82
4.01
Note: All engagement scales were measured on five-point Likert scales.

SD
.67
.59
.73
.70
.55

As reported in Table 12, self-recognition was the lowest reported subscale within STEM
identity with recognition by others being a close second. Competence and interest were both
reported as higher than the other two. Engagement, on the other hand, was reported as being very
high in almost every facet including general engagement, the mean of all engagement scales
combined.
Table 13
Time 2 descriptive statistics for STEM identity subscales.
Subscale
Competence
Self-Recognition
Recognition by Others
Interest*
*Measured on a five-point scale

N
82
82
82
82

Mean
3.09
2.65
2.72
3.83

SD
.59
.77
.77
.65

Mean
3.80
3.98
4.02
3.99
4.00

SD
.67
.63
.65
.73
.58

Table 14
Time 2 descriptive statistics for engagement subscales.
Subscale
Cognitive
Behavioral
Emotional
Social
General

N
82
82
82
82
82

80
After the second survey administration, there was an increase in reported self-recognition
as well as recognition by others. All other subscales, including those measuring engagement,
appeared to remain about the same. These data will be further analyzed later in this chapter.
Table 15
Time 3 descriptive statistics for STEM identity subscales.
Subscale
Competence
Self-Recognition
Recognition by Others
Interest*

N
81
81
81
81

Mean
3.173
2.830
2.905
4.028

SD
.543
.709
.735
.668

Mean
3.78
3.93
3.95
4.03
3.96

SD
.72
.63
.79
.64
.59

*Measured on a five-point scale
Table 16
Time 3 descriptive statistics for engagement subscales.
Subscale
Cognitive
Behavioral
Emotional
Social
General

N
81
81
79
79
81

Following the third and final survey administration, it again appeared there was an
increase in both self-recognition and recognition by others with potential changes in competence
and interest. Engagement still appeared to remain the same at a high level. These potential
changes are discussed in greater detail later in this chapter.
Correlations Among Scales
The purpose of this section is to analyze the relationship between STEM identity and
engagement as posed by the first research question. All subscales for both constructs, including
the combined general engagement scale, were compared using the Pearson correlation coefficient
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for each survey administration. Attention is paid to the relationships between the STEM identity
and engagement scales to answer the first research question as it was hypothesized that these
constructs would be related to one another.
A correlational analysis was run between each subscale for each measure. For these
comparisons, significance was assessed at the .05 level. At Time 1, behavioral engagement
showed statistically significant positive correlations with all other subscales except selfrecognition. Emotional engagement, cognitive engagement, general engagement, and interest
were found to have statistically significant positive correlations with all other subscales. Social
engagement was significantly positively correlated with all other measures of engagement but
only the interest subscale of identity. Competence and recognition by others both were
significantly positively correlated with all other scales except social engagement.
The same correlational analysis was run again for both the second and third times. For the
second time, all subscales were found to be significantly positively correlated at the .01 level. On
the third and final time, competence, behavioral engagement, emotional engagement, cognitive
engagement, and general engagement were all found to be significantly positively correlated
with all scales at the .05 level. Recognition by others, self-recognition, and interest were
significantly positively correlated with all other scales except for social engagement, which was
significantly correlated with the other scales outside of these three.
These results suggest that the constructs being measured are related to one another,
answering the initially proposed research question, “What is the relationship between STEM
identity and science engagement?” As expected, all subscales of identity showed strong, positive
correlations with one another. As they are measuring aspects of the same construct, this was
expected. Similarly, all subscales of engagement, including the combined scale of general
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engagement, showed strong, positive correlations with one another. As with the identity
measures, this was expected as they are all subscales measuring the same construct. Finally,
there appeared to be strong, positive correlations between almost all aspects of STEM identity
and engagement, apart from social engagement. While behavioral, emotional, and cognitive
engagement have been well documented facets when measuring engagement (Fredericks et al.,
2004; Voelkl, 1997; Zimmerman, 1990), Wang et al. (2016) put forth social engagement as a
fourth important pillar when assessing student engagement. Based on this, it is not surprising that
it was less related to the various aspects of STEM identity when compared to the three more
established tenets of student engagement. A full outline of the relationship between each
subscale for all three time points can be found in the following three tables with Table 17
representing the first time point, Table 18 the second time point, and Table 19 the final time
point.
Table 17
Correlations between all subscales of STEM identity and engagement (Time 1).
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Measure
1. Competence

1
1

2
.65**

3
.59**

4
.44**

5
.31**

6
.29**

7
.39**

8
.16

9
.34**

2. Recognition
by Others

.65** 1

.78**

.53**

.33**

.24*

.41**

.07

.35**

3. Selfrecognition

.59** .78**

1

.67**

.32**

.18

.43**

.13

.31**

4. Interest

.44** .53**

.67**

1

.33**

.39**

.55**

.27*

.47**

5. Cognitive
Engagement

.31** .33**

.32**

.33**

1

.62**

.51**

.49**

.80**

6. Behavioral
Engagement

.29** .24**

.18

.39**

.62**

1

.52**

.42**

.80**

7. Emotional
Engagement

.39** .41**

.43**

.55**

.51**

.52**

1

.61**

.86**

8. Social
Engagement

.16

.13

.27*

.49**

.42**

.61**

1

.70**

.31**

.47**

.80**

.80**

.86**

.70**

1

9. General
Engagement
** p < .01
* p < .05

.07

.34** .35**

Table 18
Correlations between all subscales of STEM identity and engagement (Time 2).

84
Measure
1. Competence

1
1

2
.70**

3
.64**

4
.37**

5
.43**

6
.48**

7
.53**

8
.38**

9
.53**

2. Recognition
by Others

.70** 1

.80**

.53**

.30**

.31**

.47**

.33**

.41**

3. Selfrecognition

.64** .80**

1

.65**

.43**

.49**

.55**

.38**

.54**

4. Interest

.37** .53**

.65**

1

.51**

.51**

.69**

.35**

.60**

5. Cognitive
Engagement

.43** .30**

.43*

.51**

1

.73**

.61**

.71**

.88*

6. Behavioral
Engagement

.48** .31**

.49**

.51**

.73**

1

.66**

.67**

.89*

7. Emotional
Engagement

.53** .47**

.55**

.69**

.61**

.66**

1

.57**

.83**

8. Social
Engagement

.38** .33**

.38**

.35**

.71**

.67**

.57*

1

.86**

9. General
Engagement
** p < .01
* p < .05

.53** .41**

.54**

.60**

.88**

.89**

.83**

.86**

1

Table 19
Correlations between all subscales of STEM identity and engagement (Time 3).
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Measure
1. Competence

1
1

2
.72**

3
.65**

4
.52**

5
.41**

6
.46**

7
.54**

8
.27*

9
.52**

2. Recognition
by Others

.72** 1

.76**

.47**

.35**

.36**

.47**

.18

.43**

3. Selfrecognition

.65** .76**

1

.66**

.29**

.31**

.44**

.21

.39**

4. Interest

.52** .47**

.66**

1

.26*

.31**

.41**

.17

.38**

5. Cognitive
Engagement

.41** .35**

.29**

.26*

1

.60**

.63**

.58**

.81**

6. Behavioral
Engagement

.46** .36**

.31**

.31**

.60**

1

.72**

.65**

.87**

7. Emotional
Engagement

.54** .47**

.44**

.41**

.63**

.72**

1

.58**

.90**

8. Social
Engagement

.27*

.21

.17

.58**

.65**

.58**

1

.79**

.39**

.38**

.81**

.87**

.90**

.79**

1

9. General
Engagement
** p < .01
* p < .05

.18

.52** .43**

Gender Comparison at Each Time Point
In this section, the second research question regarding gender differences in STEM
identity and engagement is explored. This question was posed to see if the sample aligned with
the general notion that women are less likely than men to see themselves as “STEM people” and
would therefore self-report a lower STEM identity. As engagement was hypothesized to be a
correlate of STEM identity, it was believed girls would also report lower levels of science
engagement than boys. Gender differences at each time point are discussed in chronological
order. Tables 20 and 21 show the descriptive statistics by gender for STEM identity and
engagement subscales respectively.
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Table 20
Time 1 descriptive statistics for STEM identity subscales by gender.
Subscale
Competence

Gender
Male
Female
Non-binary
Self-Recognition
Male
Female
Non-binary
Recognition by Others Male
Female
Non-binary
Interest*
Male
Female
Non-binary
*Measured on a five-point scale

N
51
31
1
51
31
1
50
31
1
50
31
1

Mean
3.20
2.77
3.14
2.64
2.26
1.83
2.83
2.24
2.29
3.94
3.63
3.55

SD
.49
.54

Mean
3.76
3.60
3.14
4.09
3.99
3.25
4.17
3.83
3.00
4.01
4.08
3.14
4.08
3.92
3.13

SD
.69
.63

.71
.75
.71
.78
.54
.80

Table 21
Time 1 descriptive statistics for engagement subscales by gender.
Subscale
Cognitive
Behavioral

Emotional

Social
General

Gender
Male
Female
Non-binary
Male
Female
Non-binary
Male
Female
Non-binary
Male
Female
Non-binary
Male
Female
Non-binary

N
49
31
1
49
31
1
49
31
1
50
31
1
50
31
1

.59
.58
.65
.79
.74
.63
.54
.55
3.13

Following the first measurement, an ANOVA was run to assess differences between
males and females on each scale. Students identifying as non-binary were not included in this
comparison as there was only one non-binary respondent. While there is no set significance level
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which researchers must abide by (Fisher, 1956), the arbitrarily accepted p-value used in research
since its inception has been .05 (Fisher, 1926; Pillemer, 1991). However, according to the
American Statistical Association (ASA), smaller p-values do not necessarily imply the presence
of larger or more important effects while larger p-values do not imply a lack of importance or
lack of effect. Furthermore, the ASA has stated that a small p-value can be produced if a sample
size is high enough and large effects may produce small p-values if a sample size is small
(Wasserstein & Lazar, 2016). With this in mind, the decision was made to report significance at
the .1 level while clarifying when significance was measured at a lower p-value.
Recognition by others (.003) and competence (.002) were significant at the .05 level
while self-recognition (.05) was found to be significant at the .1 level. Girls reported
significantly lower recognition by others, competence, and self-recognition when compared to
boys. These data are reflected in Table 22.
Table 22
ANOVA results for STEM identity (Time 1).
Subscale
SS
Recognition Between
6.851
by Others
Within
42.691
Total
49.542
Interest

df
2
79
81

MS
3.425
.540

F
6.339

p
.003

Between
Within
Total

1.970
33.296
35.266

2
79
81

.985
.421

2.337

.103

Competence Between
Within
Total

3.634
20.795
24.429

2
80
82

1.817
.260

6.990

.002

SelfRecognition

3.183
42.163
45.346

2
80
82

1.592
.527

3.020

.054

Between
Within
Total
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An ANOVA was also run to assess difference between genders on the engagement
subscales. Emotional engagement (.053) was found to be significant at the .1 level, but statistical
significance was not found between genders on any other engagement scale as shown in Table
23.
Table 23
ANOVA results for engagement (Time 1).
Subscale
SS
Behavioral
Between
.721
Within
26.012
Total
26.733

df
2
78
80

MS
.361
.333

F
1.082

p
.344

Emotional

Between
Within
Total

3.034
38.873
41.907

2
78
80

1.517
.498

3.044

.053

Social

Between
Within
Total

.901
39.164
40.065

2
79
81

.451
.496

.909

.407

Cognitive

Between
Within
Total

.922
22.172
23.093

2
78
80

.461
.284

1.621

.204

General

Between
Within
Total

1.183
23.185
24.368

2
79
81

.591
.293

2.015

.140

After the second measurement, an ANOVA was again run to assess the differences
between genders on each scale of STEM identity and engagement. Recognition by others (.037)
and self-recognition (.023) were both found to be statistically significant at the .05 level. Boys
were significantly more likely to report seeing themselves as STEM people and having others
view them as STEM people. No significant differences were found between genders in any
measure of engagement. Descriptive statistics for this time point can be found in Tables 24 and
25 while the results of the ANOVA are shown in Table 26.
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Table 24
Time 2 descriptive statistics for STEM identity subscales by gender.
Subscale
Competence

Gender
Male
Female
Non-binary
Self-Recognition
Male
Female
Non-binary
Recognition by Others Male
Female
Non-binary
Interest*
Male
Female
Non-binary
*Measured on a five-point scale

N
50
31
1
50
31
1
50
31
1
50
31
1

Mean
3.19
2.93
3.00
2.84
2.38
1.83
2.92
2.42
2.29
3.88
3.78
3.00

SD
.54
.66

Mean
3.72
3.94
3.14
4.03
3.94
3.00
4.07
3.97
3.30
3.98
4.03
3.57
4.02
3.99
3.25

SD
.74
.56

.69
.82
.66
.86
.59
.74

Table 25
Time 2 descriptive statistics for engagement subscales by gender.
Subscale
Cognitive
Behavioral
Emotional

Social
General

Gender
Male
Female
Non-binary
Male
Female
Non-binary
Male
Female
Non-binary
Male
Female
Non-binary
Male
Female
Non-binary

N
50
31
1
50
31
1
50
31
1
50
31
1
50
31
1

.62
.65
.63
.68
.76
.69
.59
.55
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Table 26
ANOVA results for STEM identity (Time 2).
Subscale
Recognition
by Others

Between
Within
Total

SS
3.929
45.656
49.585

df
2
80
82

MS
1.965
.571

F
3.442

p
.037

Between
Within
Total

.811
34.253
35.064

2
80
82

.406
.428

.947

.392

Competence Between
Within
Total

1.112
30.500
31.612

2
80
82

.556
.571

1.458

.239

SelfRecognition

4.442
44.715
49.157

2
80
82

2.221
.559

3.974

.023

Interest

Between
Within
Total

For the third and final survey administration, an ANOVA was again run to analyze
differences across genders. For the STEM identity subscales of competence (.049), recognition
by others (.001), and self-recognition (.009), statistical significance was found at the .05 level.
These ANOVA results are shown in Table 29. Again, boys were significantly more likely to
view themselves as STEM people, report others as viewing them as STEM people, and reported
a significantly higher perceived competence in STEM. As with the first two survey
administrations, no differences were found between male and female participants on any
engagement subscales in the third measurement. Descriptive statistics for this time point can be
found in Tables 27 and 28.

Table 27
Time 3 descriptive statistics for STEM identity subscales by gender.
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Subscale
Competence

Gender
Male
Female
Self-Recognition
Male
Female
Recognition by Others Male
Female
Interest*
Male
Female

N
51
30
51
30
51
30
51
30

Mean
3.26
3.02
2.99
2.56
3.14
2.50
4.07
3.96

SD
.54
.53
.58
.83
.56
.82
.61
.76

Mean
3.73
3.88
3.97
3.85
4.04
3.80
3.95
4.15
3.97
3.95

SD
.77
.63
.62
.64
.80
.76
.65
.62
.61
.56

*Measured on a five-point scale
Table 28
Time 3 descriptive statistics for engagement subscales by gender.
Subscale
Cognitive
Behavioral
Emotional
Social
General

Gender
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

Table 29
ANOVA results for STEM identity (Time 3).

N
51
30
51
30
50
29
50
29
51
30
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Subscale
Recognition
by Others

Between
Within
Total

SS
7.867
35.392
43.260

df
1
79
80

MS
7.867
.448

F
17.561

p
.000

Between
Within
Total

.255
35.415
35.669

1
79
80

.255
.448

.568

.453

Competence Between
Within
Total

1.136
22.485
23.620

1
79
80

1.136
.285

3.990

.049

SelfRecognition

3.389
36.821
40.210

1
79
80

3.389
.466

7.272

.009

Interest

Between
Within
Total

Overall, boys reported higher levels of STEM identity across all three time points than
girls with self-recognition and recognition by others showing a significant difference across all
three survey administrations. Additionally, boys reported higher levels of competence at the first
and third time points. While it was believed engagement would show the same pattern as STEM
identity, that was not the case as boys only reported a higher level of emotional engagement
during the first time point. No other differences in engagement were found between boys and
girls.
Comparisons Over Time
The purpose of this section is to answer the final two research questions:
1. How does STEM identity change over time when middle school students participate in a
project-based learning unit?
a. What changes exist for this question by gender?
2. How does student engagement change over time when middle school students participate
in a project-based learning unit?
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a. What changes exist for this question by gender?
Repeated measures ANOVAs were employed to analyze changes for all subscales of
STEM identity and engagement over time. After analyzing the sample as a whole, separate
multiple measure ANOVAs were run for each gender (male and female) for all subscales across
the three measures in order to answer question four as stated above. Due to a lack of diversity
within the sample, an analysis for race/ethnicity could not be run as there were not enough nonwhite participants. It is important to note that repeated measures ANOVAs are used to measure
change over three or more time points. In this section, all comparisons run across three time
points; change is being measured across all three. The means of each STEM identity subscale for
each time point can be found below in Table 30.
Table 30
Means of STEM identity subscales across time points.
Time
Point
1
2
3

Competence

Self-Recognition

3.04
3.12
3.20

2.49
2.70
2.80

Recognition by
Others
2.60
2.76
2.91

Interest*
3.83
3.86
4.01

*Measured on a five-point scale
Polynomial contrasts were performed for each subscale of STEM identity to determine
what, if any, pattern was shown in the data across time points. Competence displayed a linear
change over time at the .1 significance level while self-recognition and recognition by others
displayed linear changes at the .01 significance level. These results indicate that there is a linear
increase in these subscales across the three survey periods. No patterns were detected for any
engagement subscale for the full sample. Table 31 reports the linear and quadratic trends that
were analyzed for each subscale of STEM identity.
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Table 31
Polynomial contrasts for each subscale of STEM identity.
Subscale
Competence
Error
(Competence)
SelfRecognition
Error (SelfRecognition)
Recognition
by Others
Error
(Recognition
by Others)
Interest
Error
(Interest)

Linear
Quadratic
Linear

SS
.819
.002
20.061

df
1
1
72

MS
.819
.002
.279

F
2.941
.012

p
.091
.912

Quadratic

11.841

72

.164

Linear

3.721

1

3.721

8.055

.006

Quadratic
Linear

.164
33.720

1
73

.164
.462

.580

.449

Quadratic

20.638

73

.283

Linear

3.601

1

3.601

8.330

.005

Quadratic
Linear

.000
31.122

1
72

.000
.432

.000

.998

Quadratic

22.951

72

.319

Linear
Quadratic
Linear

1.202
.174
32.204

1
1
72

1.202
.174
.447

2.687
.777

.106
.381

Quadratic

16.148

72

.224

All four subscales of STEM identity violated the assumption of sphericity as Mauchly’s
sphericity test was statistically significant at the .05 level in each case. Mauchly’s test of
sphericity tests whether there are variances between all combinations of related groups, or levels.
In other words, it tests for variance between groups at each time the survey was given. The
assumption is that the variance of the differences between the first and second survey
administration would equal the variance between the second and third as well as between the
first and third. Multiple measure ANOVAs, the type of test used in this study, are particularly
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susceptible to violations of this assumption. Frequently, this occurs when the repeated
measurements have too short of a time interval between them allowing random factors to
potentially cause a value to be too high or low without dissipating before the following
measurement (Haverkamp & Beauducel, 2017).
For each scale, epsilon, a quantitative measurement of sphericity was assessed to
determine the severity and correct adjustment to use. In cases in which epsilon was less than 0.75
(self-recognition and recognition by others), the Greenhouse-Geisser estimation was employed,
and in cases in which epsilon was greater than 0.75 (competence and interest), the Huynh-Feldt
estimation was used. These corrections were used to reduce the likelihood of Type I error, or
rejection of the null hypothesis when it is true. A lower epsilon indicates a greater violation of
sphericity while an epsilon closer to one shows a less significant violation. In the cases where
epsilon is lower, the Greenhouse-Geisser estimation is used as it is a more conservative measure
and Type I error is less likely to occur. There has been debate regarding which correction is best.
The decision made here is based on research by Abdi (2010) stating that the Greenhouse-Geisser
correction can be too conservative when sphericity violations occur. Abdi (2010) describes the
Huynh-Feldt correction as being more efficient and more powerful than the Greenhouse-Geisser
correction when epsilon is measured as greater than .75. In reporting repeated measure
ANOVAs, the correction used is stated for clarity. These can be found in the ANOVA results
below in Table 32.
Table 32
Repeated measures ANOVA results for STEM identity.
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Subscale
Competence Huynh-Feldt
Error

SS
.821
31.902

df
1.669
120.146

MS
.492
.266

F
1.854

p
.167

SelfRecognition

3.885

1.367

2.842

5.217

.015

54.358

99.787

.545
4.795

.018

2.049

.146

Recognition
by Others
Interest

GreenhouseGeisser
Error
GreenhouseGeisser
Error

3.601

1.467

2.454

54.073

105.658

.512

Huynh-Feldt
Error

1.376
48.352

1.506
72.000

.913
.446

Competence and interest were found to have no change over time. Self-recognition (.015)
and recognition by others (.018) both increased and were found to be statistically significant at
the .05 level. These data support the hypothesis for the research question regarding if STEM
identity changes over time for middle school students who participate in a PBL unit. In other
words, the results indicate that participants’ self-recognition and recognition by others increased
over the course of the study. Participation in a STEM PBL unit is related to an increase in these
two parts of STEM identity. This means that participants in this study had a significant positive
increase in how they saw themselves in terms of being STEM people and how they believe
others perceived them within a STEM context. These changes are represented visually in Figures
5 and 6. While significant changes occurred within STEM identity, no changes were found in
engagement for the sample as a whole.
Figure 5
RIS-STEM subscales across three timepoints for the full sample
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Figure 6
STEM-CIS interest subscale across three time points for the full sample

For males, changes in competence and interest were not found to be statistically
significant. However, self-recognition (.034) and recognition by others (.041) were both
significant at the .05 level as shown below in Table 33. Means for each subscales of STEM
identity can be found in Table 34. Additionally, visual representations of each subscale of STEM
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identity are portrayed in Figures 7 and 8. No changes were found on any engagement scales for
males.
Table 33
Repeated measures ANOVA results for STEM identity (males).
Subscale
Competence Huynh-Feldt
Error

SS
.098
16.843

df
1.543
72.505

MS
.064
.232

F
.274

p
.703

SelfRecognition

4.085

.034

3.519

.041

1.636

.204

Recognition
by Others
Interest

GreenhouseGeisser
Error

2.350

1.423

1.651

27.042

66.895

.404

Huynh-Feldt

1.753

1.706

1.028

Error

22.920

78.475

.292

Huynh-Feldt
Error

.753
21.173

1.726
79.381

.436
.267

Table 34
Means of STEM identity subscales across measures (males).
Time
Point
1
2
3

Competence

Self-Recognition

3.21
3.21
3.27

2.66
2.87
2.97

*Measured on a five-point scale
Figure 7
RIS-STEM subscales for boys across three timepoints.

Recognition by
Others
2.86
2.96
3.13

Interest*
3.95
3.89
4.07
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Figure 8
STEM-CIS subscale for boys across three timepoints.

Polynomial contrasts showed that the increases for boys in both self-recognition and
recognition by others were linear at the .01 and .05 levels respectively. In other words, there
were increases in both of these subscales across all three time points. These analyses are shown
below in Table 35.
Table 35
Polynomial contrasts for STEM identity subscales (males).
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Subscale
SelfRecognition
Error (SelfRecognition)
Recognition
by Others
Error
(Recognition
by Others)

Linear

SS
2.261

df
1

MS
2.261

F
7.740

p
.008

Quadratic
Linear

.089
13.730

1
47

.089
.292

.315

.577

Quadratic

13.312

47

.283

Linear

1.713

1

1.713

6.867

.012

Quadratic
Linear

.040
11.477

1
46

.040
.250

.161

.690

Quadratic

11.442

46

.249

For females, there was a statistically significant increase in competence (.093) at the .1
level. No significant changes were found for self-recognition, recognition by others, or interest.
Repeated measures ANOVA results for these subscales are shown in Table 36 with mean scores
for each subscale displayed in Table 37 with visual representations of these data in Figures 10
and 11. Additionally, girls reported a significant increase in cognitive engagement over the three
time periods (.035). These results are shown in Table 38.
Table 36
Repeated measures ANOVA results for STEM identity (females).
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Subscale
Competence Sphericity
Assumed
Error
SelfRecognition

Recognition
by Others
Interest

GreenhouseGeisser
Error
GreenhouseGeisser
Error
GreenhouseGeisser
Error

SS
1.487

df
2

MS
.743

14.295

48

.298

1.544

1.234

1.251

27.307

30.859

.885

2.089

1.315

1.588

30.912

32.878

.940

1.111

1.332

.834

26.691

33.289

.802

F
2.496

p
.093

1.413

.250

1.690

.205

1.041

.337

Table 37
Means of STEM identity subscales across measures (females)
Time
Point
1
2
3

Competence

Self-Recognition

2.72
3.00
3.05

2.17
2.40
2.50

*Measured on a five-point scale

Figure 9
RIS-STEM subscales for girls across three timepoints

Recognition by
Others
2.12
2.38
2.52

Interest*
3.62
3.80
3.91
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Figure 10
STEM-CIS interest subscale for girls across three timepoints

Table 38
Repeated measures ANOVA results for cognitive engagement (females).
Subscale
Cognitive

Huynh-Feldt
Error

SS
1.674
10.364

df
1.549
38.726

MS
1.081
.268

F
4.039

p
.035

Polynomial contrasts showed that the change in competence for girls was linear at the .1
level as shown below in Table 39. In other words, there was a linear change in their perceived
competence across the three time periods during the study.
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Table 39
Polynomial contrasts for STEM identity subscales (females).
Subscale
Competence
Error
(Competence)

Linear
Quadratic
Linear

SS
1.392
.095
8.185

df
1
1
24

MS
1.392
.095
.341

Quadratic

6.110

24

.255

F
4.082
.372

p
.055
.547

While girls did show an increase in cognitive engagement over time, this trend was not
perfectly linear. This subscale shows a linear component that then levels off over time as is
indicated by significance in the quadratic measurement. While there is an initial jump in
cognitive engagement for girls, the third time period shows little or no change from the second.
The linear and quadratic trends for this scale are shown in Table 40.
Table 40
Polynomial contrasts of cognitive engagement (females) over time.
Subscale
Cognitive
Error

Linear
Quadratic
Linear
Quadratic

SS
1.001
.673
6.960
3.404

df
1
1
25
25

MS
1.001
.673
.278
.136

F
3.595
4.946

p
.070
.035

Significant polynomial contrasts for both linear, at the .1 level, and quadratic, at the .05
level, indicate that while there is an initial increase in cognitive engagement for girls, this
increase stalls. In this case, there is an initial reported increase from time one (3.60) to time two
(3.94) that slightly tapers off into the third time point (3.88) as is shown by the following figure.
Figure 12
Cognitive engagement for girls across all three time points
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These analyses were completed to answer the research questions about the perceived
impact of participation in PBL on middle school students’ STEM identity and science
engagement as asked by the final two research questions. For the sample as a whole, there was
an increase in the STEM identity subscales of self-recognition and recognition by others but no
change in engagement. When looking at change over time by gender, boys in this study showed
consistently higher perceived competence across time; however, girls showed a statistically
significant increase in this area and closed the gap between themselves and their male
counterparts. The other significant changes over time were boys’ positively seeing themselves as
STEM people and how they believe others viewed them within the context of STEM as well as
girls showing an increase in cognitive engagement. It is interesting to note that girls showed
greater positive changes in both of these categories over time than their male counterparts with
increases of .34 versus .31 in self-recognition and .39 and .27 in recognition by others
respectively. It is hypothesized that the reason for this non-significance for girls was due to the
proportion of girls participating in the study; there were fewer girl participants, so these analyses
lacked statistical power to detect differences.
Conclusion
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In summary, results showed that STEM identity and student engagement are strongly
related to one another. Additionally, girls reported lower levels of STEM identity than boys at
each time point. More specifically, boys scored higher on self-recognition and recognition by
other scales at all three time points and competence at times one and three. Middle school
students’ participation in a STEM PBL unit was related to an increase in their STEM identity but
no change in engagement for the full sample. Specifically, students reported significant increases
in self-recognition, or how they viewed themselves within STEM, and recognition by others, or
whether they believed others saw them as “STEM people.” When looking at changes by gender,
girls reported significantly higher competence. In other words, they reported an increase in their
perceived STEM skills and abilities. Boys reported significantly higher self-recognition and
recognition by others. Finally, girls reported an increase in their cognitive engagement over the
course of the study while boys saw no changes in engagement. These results will be further
discussed in the next chapter.
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CHAPTER 5: DISCUSSION
The purpose of this study was to examine whether middle school students’ science,
technology, engineering, and mathematics (STEM) identity and engagement changed over time
during and after participation in a project-based learning (PBL) unit. This chapter is organized
into four sections. First, a discussion of this study’s findings will be laid out. Second,
implications for practice will be drawn. Connections between this research and educational
pedagogy will be made with an eye towards improving classroom instruction. Third, potential
future research built upon this study’s findings will be shared. Finally, the chapter will conclude
with a discussion of some of this study’s limitations as well as a brief summary of the overall
work.
The research questions being discussed in this chapter are
1. What is the relationship between STEM identity and science engagement?
2. Are there differences between genders in STEM identity and science engagement at each
time point?
3. How does STEM identity change over time when middle school students participate in a
project-based learning unit?
a. What changes exist for this question by gender?
4. How does student engagement change over time when middle school students participate
in a project-based learning unit?
a. What changes exist for this question by gender?
Interpretation of Findings
Overall, there was clearly a relationship between participation in a PBL unit and a
perceived change in participants’ STEM identity. In this study, STEM identity is defined as the
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ability to see oneself as the kind of person who can be a legitimate participant in STEM through
one’s interest, abilities, and culture. It was measured as a composite construct incorporating
several components including competence, self-recognition, recognition by others, and interest.
Participation in a PBL Unit and STEM Identity
Previous research has shown that participation in PBL positively affects students’ interest
and self-efficacy as well as positive effects on students’ academic achievement (Bilgin et al.,
2015; Brown et al., 2013; Chen & Yang, 2019; Holmes & Hwang, 2016). It has also been shown
to be a far more effective instructional strategy than traditional learning methods at the primary,
secondary, and postsecondary levels (Baleman & Keskin, 2018). Additionally, students who
have experienced STEM PBL have shown positive attitudes toward learning, team
communication, and collaborative behavior (Dominiguez & Jaime, 2010; Kaldi et al., 2011) as
well as a greater retention of knowledge (Karacalli & Korur, 2014).
While the majority of work evaluating the effect of PBL within STEM has focused on the
areas of interest, self-efficacy, and motivation (Hughes et al., 2013), this study looked
specifically at PBL’s impact on middle school students’ STEM identity. For this study, STEM
identity has been defined as the ability to see oneself as the kind of person who can be a
legitimate participant in STEM through one’s interest, abilities, and culture. Based on the work
of Carlone and Johnson (2007) as well as Hazari et al. (2010), the four components of STEM
identity that are considered in this study are competence, self-recognition, recognition by others,
and interest.
For the participants in this study, increases were found across two constructs of STEM
identity. When comparing all three time points, aspects of STEM identity, self-recognition and
recognition by others, increased significantly. This means that, for this particular group of
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students, participation in a PBL unit was related to a positive increase in how these middle
school students view themselves in relation to STEM and how they believe others see them in
relation to STEM. As a result of participating in this unit, students saw themselves more as
STEM people while also believing that others see them more as STEM people as well.
Some surprising results were found during the analysis. First, knowing how closely
related the various components of STEM identity are, it was interesting that not all four
increased significantly across the three time periods. It was expected that if significant increases
were found for one construct of STEM identity the same would be measurable in the others.
Also, self-recognition and recognition by others both showed linear change across all three time
points meaning there was continual improvement across all three time points despite the
intervention having been finished three months prior to the second survey administration.
Overall, while significant changes in self-recognition and recognition by others are related to
participation in a PBL unit for this group of participants, it was surprising not to see the same
results in competence and interest.
Participation in a PBL Unit and Student Engagement
Prior research has shown a link between the implementation of PBL and student
motivation and engagement (Carrabba & Farmer, 2018; Duke et al., 2021). This study also
sought to examine the relation of engagement to STEM identity in the context of a PBL learning
experience. For this study, engagement was defined as the observable and unobservable qualities
of student interactions with learning activities (Deci & Ryan, 2000) and included four
components that could then be combined to measure general engagement. First, behavioral
engagement refers to involvement in academic and class-based activities, observable positive
conduct, and the absence of disruptive behavior. This usually translates into high levels of
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attention, positive participation, concentration, completed homework, and following classroom
rules (Fredericks & McColskey, 2012). Second, emotional engagement refers to positive
emotions directed towards teachers, peers, and classroom activities while also valuing learning
and high interest in the content being taught (Voelkl, 1997). Third, cognitive engagement
includes self-regulation, using deep learning strategies, and the use of necessary cognitive
strategies to comprehend abstract and complex ideas (Zimmerman, 1990). Finally, social
engagement incorporates the quality of social interactions with peers and adults and a
willingness to invest in the formation and maintenance of relationships while learning (Wang et
al., 2016).
While it was believed that participation in this intervention would have a positive effect
on student engagement, and all four subcomponents would demonstrate an increase, no
significant changes were found in this area. Surprisingly, engagement remained unchanged
across all three time points. It is believed no change occurred with engagement as participants
reported having high levels of engagement from the beginning of the study. With high initially
reported levels of engagement, it was difficult for there to be a large increase.
Relationship between STEM Identity and Engagement
Prior research has supported the effectiveness of active learning strategies, such as the
implementation of PBL, on student engagement in STEM (Eccles & Wigfield, 2002). Studies
that have put students into active STEM roles have shown increased engagement within STEM
while creating accurate perceptions of what STEM roles are truly like, and it has also been
shown that identity change leads to higher levels of academic motivation (Kaplan & Flum, 2012;
Stout et al. 2011). PBL has been shown to enhance student engagement when compared to direct
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instruction for both elementary and middle school students (Carrabba & Farmer, 2018; Duke et
al., 2021).
Since much work has shown the positive impacts of PBL within various areas of STEM
education and student engagement, a hypothesis of this study was that there would be significant
correlations, or relationships, found between all aspects of STEM identity and engagement.
Correlation analyses were completed at each time point to assess these relationships. At time
one, behavioral engagement showed significant relationships with all aspects of STEM identity
with the exception of self-recognition, while emotional and cognitive engagement showed strong
positive relationships with each tenet of STEM identity. Social engagement only showed a strong
relationship with interest. At time two, all parts of engagement and STEM identity showed
significant relationships. Finally, at time three, most aspects of engagement, with the exception
being social engagement, showed strong positive relationships with each part of STEM identity.
At this time point, social engagement only showed a relationship with competence.
The general engagement measure combined all of these scales to create an overall
engagement measurement. At each time point, general engagement showed a strong positive
relationship with all aspects of STEM identity. These data all point to a clear relationship
between STEM identity and student engagement. As STEM identity increases, student
engagement increases as well.
These results were expected as it was believed that the constructs of STEM identity and
engagement would be closely linked. However, this raises interesting questions regarding the
results discussed in previous sections. It was hypothesized that if one construct had significant
increases the same changes would be reflected in the other. Additionally, it has previously been
established that participation in PBL increases student engagement (Carrabba & Farmer, 2018;
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Duke et al., 2021), so discovering no observable changes in this area was curious. It is possible
that the reason for this was that student engagement was already high when the study began,
leaving little room for increase in this measure. Across each time period, it appears as though
students reported high levels of engagement. If reported engagement was high at the beginning
of the study and this level was sustained, there would be no significant changes. It is suspected
that this is the reason for this result.
Gender Differences
The issue involving women’s underrepresentation in STEM has been an important area of
focus for science teachers for decades. Women have traditionally been discouraged from
pursuing STEM fields due to gender bias perpetuated within STEM culture and institutionalized
sexism that persists within primary, secondary, and post-secondary education (Anderson, 1995;
Barton, 1997; McGrayne, 2001). This has resulted in women being significantly
underrepresented in STEM fields. Only 14% of engineers in the United States workforce
nationwide are women (Congressional Joint Economic Committee, 2012). Issues of girls in
STEM areas begin during the middle school years. Research has shown that the middle school
years are the age at which girls begin to lose interest in science and mathematics with more than
50% of girls having lost interest by the eighth grade (Hill et al., 2010). The 2015 Programme for
International Student Assessment (PISA), an international comparison of student performance,
showed that U.S. students have a significant gender gap in both science and mathematics with
boys outperforming girls in both areas. Keeping girls interested in STEM at this age is crucial for
their overall persistence within STEM in both college and future careers (Spielhagen, 2008).
For boys, significant increases in self-recognition and recognition by others were found
when looking at changes across all three time points. For girls, a significant increase was found
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in competence. Boys had a positive change in both how they perceive themselves within STEM
and how they believe others perceive them, while girls had a positive change in their perceived
abilities and skills within STEM following participation in a PBL unit. Regarding engagement,
while no changes occurred for the sample as a whole or boys, girls reported a significant increase
in cognitive engagement. It was interesting that there was only a change in this one aspect of
engagement and that it only occurred for girls. As previously stated, engagement was reported as
high across time periods, so it was intriguing for this one change to have occurred. More work
should be done in the future to investigate why an intervention could affect only one aspect of
engagement and why girls reported this one aspect of engagement as being lower to begin with.
Differences between STEM identity for boys and girls were examined at each time point
in this study as well as change over time across all three time points. At times one and three,
significant differences were found with boys reporting higher for recognition by others, selfrecognition, and competence than girls. Significant differences were found only for the measures
of self-recognition and recognition by others at time two with boys reporting higher levels of
both. Overall, these data show that the gap in STEM identity persisted across the study. Girls
reported significantly less competence, did not see themselves as strongly connected to STEM,
and believe others see them less as STEM people when compared to boys in this study.
Based on prior research, the assumption was that there would be significant differences
between boys and girls in STEM identity during at least the initial time point. It was
hypothesized that boys’ STEM identity would start off higher than girls’ but that through
participation in a PBL unit girls could potentially have significant increases that would close this
gap. It was believed that boys’ STEM identity would start off significantly higher and potentially
have significant increases but that these increases could be larger for girls as their initially
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reported STEM identity would be lower. Similar to the results for engagement, if the initial
measurement is high significant changes would be harder to find. However, that was not the
case. As was the case for the entire group of participants, it was also intriguing that some aspects
of STEM identity increased significantly while others did not. Since these constructs are so
closely related, the assumption was that there would be changes across all four, not just any one
specific area. Lastly, it is interesting that boys’ self-recognition and recognition by others
significantly improved, but girls saw improvement in perceived competence. This raises many
questions for future research, which will be discussed later in this section.
Implications for Practice
This study suggests that active learning strategies, specifically PBL, are potentially more
effective than passive learning strategies. Based on these results, PBL could be used as a
pedagogical strategy in late elementary and middle school STEM classes to potentially improve
students’ STEM identity. However, major instructional changes are not easy to make. It is
important to note that in many cases, these changes would be seismic shifts in how some schools
and districts may currently function. There may be many unique challenges and stumbling blocks
that are encountered when trying to make major changes such as these, and much work must be
done at the local and institutional level to assess what support structures need to be put in place
to make the transition to PBL successful and align it with the needs of their students. This section
discusses broad implications for curricular changes, classroom instructional changes, teacher
education, and rethinking the current framework for PBL.
Curricular Changes
As stated in previous chapters, PBL builds on the active model of learning by allowing
for real-world problem-solving which makes curriculum and content relevant to the student and
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his or her own experiences. It is a constructivist approach that helps students gain a deep
understanding of materials through process-oriented engagement in investigation of real,
meaningful problems wherein students respond to a driving question, explore the question in
situated, authentic inquiry, collaboratively problem solve, are scaffolded to extend their learning
ability, and create a tangible product in response to the driving question (Krajcik & Blumenfeld,
2006). PBL includes student-centered instruction, teachers acting as coaches, students
responding to a driving question, collaboration, and the use of technology (Marx et al., 1997).
A PBL unit has five key features (Krajcik & Blumenfeld, 2006):
1. The unit begins with a driving question or problem to be solved.
2. Students explore and investigate the driving question through participation in inquirybased activities and work. In doing so, they learn and apply important ideas and skills of
the discipline.
3. Students and teachers engage in collaborative activities to find solutions to the driving
question mirroring how experts would solve problems to real life scenarios.
4. Learning technologies are integrated in ways that enhance student activities and scaffold
the inquiry process.
5. Students create tangible products that address the driving question. These artifacts are
shared and publicly accessible representations of learning.
With a glaring need to bolster and encourage students to pursue STEM in their studies
and future careers, improve the quality of STEM education, and close the gender gap in STEM,
widespread implementation of PBL as a learning framework could be potentially beneficial to
students at the middle school age. Educational research within STEM has found identity to be a
foundational framework in understanding students’ aspirations, and improving it leads to a
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greater attrition of students into STEM fields (Graham et al., 2013; Hazari et al., 2010). By
structuring learning experiences in this active way, students can identify as “STEM people” and
are more likely to continue their pursuit of this work in the future. Schools should look to begin
shifting their educational approach towards this method within STEM classes to increase their
students’ STEM identities and provide them with meaningful learning experiences.
Classroom Changes
By classroom changes, day-to-day lessons are being parsed out from major curricular
overhaul that was discussed in the previous section. This is meant to separate out changes to
overarching curriculum from what a classroom teacher would be doing in his or her lesson
planning and student-facing work. This study adds to previous work suggesting that higher-order
questioning, a component of PBL, is an important foundation of the classroom experience as it
elicits challenges, problem-solving, and analytical and creative thinking skills as students strive
to answer the driving question posed by the unit (Bruce-Davis et al., 2014). Teachers who have
implemented PBL have reported having positive experiences and student outcomes (Harris et al.,
2015; Thomas, 2000).
This study suggests that at the middle school level the implementation of PBL is related
to an increase in students STEM identities. Besides larger curricular changes, teachers must
ensure fidelity of implementation within their own classrooms in order to make the required
changes to their own practice. In other words, questioning students and facilitating inquiry-based
lessons are foundational components of changes that should be made to correctly teach a PBL
unit. However, many teachers may be unfamiliar or uncomfortable with this style of teaching,
which is why providing them with professional development is crucial to making these important
changes.
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Training Teachers
While teachers have reported positive outcomes associated with PBL, they have also had
difficulties with student-centered approaches at times. Teachers have reported discomfort in not
knowing what direction students would take during lessons which had negative impacts on their
confidence and comfort in utilizing this teaching style (Stohlman et al., 2012). Researchers broke
the needs of teachers down into four categories. First, potential partnerships with mentors at
nearby schools, professional development, collaboration time, and curriculum training must be in
place to support all educators. Second, teachers must be educated on appropriate lesson planning
strategies as well as classroom practices in implementing new PBL curriculum. Third, content
and pedagogical knowledge should be boosted while getting teachers to commit to the idea of
STEM PBL education. Finally, materials must be provided in order for curriculum building and
implementation to take place (Stohlman et al., 2012). When teachers receive the support they
need, their self-efficacy rises, and student outcomes improve (Kelm & McIntosh, 2012).
Therefore, teachers must be properly trained and supported in order to implement new PBL
curriculum that can raise middle school students’ STEM identities. This is a critical part of
making a shift from passive learning to proper PBL.
Moving towards an integrated STEM PBL curriculum has its challenges. Providing
opportunities for teachers to learn about this style of pedagogy if they have limited practice with
it is critical. While teachers may excel in one particular area, they need support in fully
integrating STEM PBL into an immersive student-centered learning experience (Guzey et al.,
2016). Meaningful professional development for teachers prior to implementing new curriculum
such as this is extremely important. This training should include professional learning
communities for teachers to take part in, workshops throughout the school year, and explicit
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instruction in how to teach and integrate STEM PBL into their classrooms (Guzey et al., 2014;
Roehrig et al., 2012).
Mentorship programs have proven successful in helping teachers implement new
curriculum such as this. In order to be successful, mentors must tailor individualized feedback
for their partners, identify problems, and build a close personal rapport with teachers. The most
important qualities sought by teachers in a mentor are content expertise and contextual
knowledge (Bradley-Levine et al., 2016). “Situational adjustment” has also been identified as an
important part of the mentoring process. This involves getting to know the context in which
teachers working and their classrooms and teaching styles. Part of this work is emotional support
for teachers, a key component in building up teachers’ confidence (Goodwinet al., 2015).
Rethinking PBL
It has been found that PBL is related to positive shifts in STEM identity amongst middle
school students, with STEM identity being whether or not an individual sees themselves as a
“STEM person.” Being a social identity, STEM identity is molded by the individual’s knowledge
that they belong to a social category or group. Two of the important processes in forming a social
identity are self-categorization and social comparison (Hogg & Abrams, 1988). Additionally, it
is important for students to have role models that are STEM professionals as this allows them to
further see themselves as STEM people (Hughes et al., 2013). Adjustments to PBL and the
expansion of how we think of this pedagogy could further improve students STEM identity.
While the product in this study aligned with Krajcik and Blumenfeld’s (2006) tenets of PBL,
what is created or produced by students can be rethought in a variety of ways. One idea is to
connect students with businesses and institutions within their communities to solve real world
problems and work with professionals outside of their schools. In doing so, they would be
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solving a driving problem, investigating the problem using inquiry, engaging collaboratively in
finding solutions, using technology in ways that enhance their learning, and creating a public
product that would then not only be shared within the community of their school but the broader
community. These ideas are rooted in the foundational principles of PBL and expand on them in
meaningful ways. First, students will be solving a driving problem that does not just simulate a
real-world issue but is an actual real-world problem. Second, collaboration would expand beyond
the classroom and allow for meaningful collaboration with professionals in the field and
community members while investigating and developing solutions for the problem. Third,
technology use in this system would be different than normal educational technology use. By
doing work in the field, students will have the chance to engage with hardware and software that
professionals use. Technology and skills that are learned in school should mirror that of
professionals and be relevant to what is used by the workforce in various fields. This would
further give students the ability to relate to members of the STEM community, or any other
community, and allow their STEM identity to improve. Also, the product that is created by
students will solve a real-world issue or problem not just a simulated one. Finally, with role
models being so important to STEM identity development (Hughes et al., 2013; Wang & Degol,
2017), this new framework for PBL provides authentic opportunities for students to engage and
connect with professionals, providing them the chance to form important relationships. By
having role models within the field, students are more likely to see themselves as members of the
STEM community (Scott & Martin, 2014).
In rethinking PBL, a community-based framework should be strongly considered as it has
the potential to greatly improve students’ STEM identities. However, this new model of PBL
may have a positive impact on students outside of STEM fields as well. By focusing on the
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interdisciplinary aspect of real-world problems, they could solve issues that incorporate an array
of subject areas. A meaningful driving question would have students working with professionals
across disciplines, interacting with community members outside of their school, investigating
problems with experts in the field, and proposing meaningful solutions that allows them to build
a robust skill set in multiple subject areas. This has the potential to not only bolster students’
STEM identities but those in other disciplines as well.
Limitations and Recommendations for Future Research
Changes to the design of this study could lead to more significant and conclusive findings
by increasing the rigor of the work. An experimental design was not used in this study as
outcomes for only one group were measured over time, and the sample was not randomly
selected. A truly experimental design would have randomized participants into either a research
or control group while measuring outcomes for both and then comparing them to see what effect
the intervention had on STEM identity and student engagement. Additionally, this work was
completed as a dissertation with the goal of having it completed by the end of the academic
school year. This means that time was a limiting factor. Future research should look to be
longitudinal and look at change in STEM identity over a longer period of time. This would allow
for researchers to see if the observed changes remain, increase, or diminish further from the
intervention. This work could also employ a mixed methods approach. Student and teacher
interviews can be conducted to see, from their perspective, what the most effective parts of the
intervention were. This could allow for a new strand of research in this specific area.
In thinking about longitudinal work regarding the impact of PBL on STEM identity, a
broader lens can be considered as well. While some work has been done across various academic
levels, longitudinal research could be conducted with students participating in a PBL-based
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curriculum from early elementary through secondary school. This curriculum would have to be
well vetted, tested, and refined as well as monitored for fidelity of implementation, but this sort
of data could prove extremely meaningful in further emphasizing the importance of this style of
pedagogy. Future research should look outside of STEM identity as well and into other
disciplines and content areas. How can PBL be used to improve students’ self-efficacy and
identities across disciplines over longer periods of time?
Several limitations for this study related to the sample itself. First, sample size was a
limiting factor. When conducting quantitative survey research, a larger sample is ideal. The
convenience sample for this study was limited in the fact that it was conducted with one grade
level at one school in New York City. In the future, this type of research could, and should, look
at students within a larger academic setting such as a bigger school, multiple schools, or a
district. Additionally, while this work took place in New York City, the sample was not
representative of the population of students in New York City as a whole as they were mostly
affluent and White. In comparison to the New York City Public school district, a different
sample of students should be used in future research. With over one million students, the student
body of schools served by the New York City Public Schools is 41% Hispanic/Latino, 24.7%
black, 16.1% Asian or Pacific Islander, 14.6% White, 1.2% Native American, and 0.5% Native
Hawaiian or Pacific Islander. In addition, students of two or more races accounted for 1.9% of
the total student population. This massive group of students, the largest district in the country,
has 54.1% of its students categorized as economically disadvantaged and has a 49% to 51%
female to male student ratio (US News and World Report, 2020). In comparison, it is estimated
that over 80% of the student body at the school where this research took place identify as White,
and the vast majority pay full tuition at over $50,000 per year.
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As previously mentioned, the ratio of male to female students in the New York City
Public School District is virtually split. Another major limitation of this study was the
disproportionate number of males (N = 51) to females (N = 30). While this ratio is not
representative of the greater population, it also caused some other limitations within this work.
First, having so few girls caused there to be less power in their data. In other words, with so few
numbers, it was far less likely that statistical significance would be found. Sample size is one of
the main factors in statistical power, and this smaller group made it unlikely that significant
changes would be detected. In future research, it is imperative that the sample being used have a
closer ratio of males to females and a larger sample of females. Additionally, such a skew in
gender within the classrooms could have affected class dynamics and girls’ STEM identity
overall. More work should be done in this area as having male-heavy classes could affect the
way females see themselves in an academic setting.
An important item of note is that this group of students have been exposed to PBL in the
past in both their elementary and middle school experiences. They are not new to active learning
experiences, especially PBL. That may have affected the results in a number of ways. First, as
previously noted, there was no change in engagement as it was reported as being high across
each time. This may have been due to their previous exposure to PBL at multiple points during
their student careers. Additionally, this may have had an impact on their self-reported STEM
identity. It may have started higher for this group than it would have for a group of students that
had not been exposed to PBL or other active learning strategies. In future research, PBL should
be introduced to a group of students that have never experienced it before. This would allow for
a better understanding of the perceived impact of PBL on both STEM identity and engagement.
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A few other limiting factors could have had a potential impact on this study. First, the
students in this study were towards the end of their identity forming phase. Previous research has
shown that interest in science is a product of student experiences by age 11 (Ormerod &
Duckworth, 1975). Other research states that children’s experiences prior to 14 are the major
determinant of any decision to pursue science in the future and that engaging older children in
science would become progressively more difficult (Lindahl, 2007; OPM for the Royal Society,
2006). Finally, fidelity of implementation of the PBL unit was not assessed during the
intervention. This means there could have been variability between teachers regarding PBL
instructional delivery thereby having an effect on students’ STEM identity. These limitations
lead to a few suggestions for future research. First, student samples should have had no previous
exposure to PBL. Second, research must be done with younger students at the early stages of
identity formation. Lastly, fidelity of the intervention should be tracked by researchers to make
sure there is not variability between teachers and the unit is being implemented as planned.
No changes were significant regarding student engagement during this study. While it
was observed that STEM identity and student engagement had a strong positive relationship,
meaning they increase and decrease together, there were no observable changes to student
engagement. Prior research showed that engagement, like STEM identity, is a strong predictor of
academic performance and future enrollment in STEM courses as well as the pursuit of a STEM
career (Hughes et al., 2008; Wang, 2012). Also, student identity has been shown to be a predictor
of science engagement (Gurgel et al., 2016; Strong, 2016). Therefore, it was surprising to
observe significant changes in STEM identity but not engagement. However, while surprising at
first, engagement was initially measured as high and remained so throughout the study. More
work should investigate the impact of PBL implementation on student engagement in STEM and
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its relationship to STEM identity for middle school students. As previously stated, this research
should be carried out with a group of students who have not experienced PBL in the past.
Ideally, this would happen in an experimental design in which they could be compared to a
control group and a much larger sample size than this current study.
Finally, the implementation of a community based PBL model could have even more
positive impacts on students’ STEM identities. While this work would be difficult to research as
this is a newly proposed framework for PBL, it could prove to be an even more meaningful
pedagogy. This would involve the development of a community based PBL unit, improving it
over multiple iterations, and finally researching its impact on students’ identities. A much more
robust, longitudinal study would need to be completed to design and gather data in this case.
First, experts would need to design a community based PBL unit in conjunction with local
businesses or institutions while also forming a plan to have students connect with experts in the
field. Second, this unit would need to be piloted allowing for it to be improved over time.
Multiple iterations would have to be implemented. Third, it would be imperative for researchers
to track fidelity of implementation by those in student-facing roles especially if they gather a
much larger sample size and more educators are involved. Finally, once all of this has been
accomplished, data can be collected from the participants themselves. Ideally, this would be a
mixed-methods study that involved feedback from students, educators, and community partners
that were involved in the work. Results from such research could be compared to those from
traditional PBL to see if this new framework is associated with greater identity improvements for
students across multiple disciplines, not just STEM.
Conclusion
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There is a major issue with the current educational system not leading to enough welltrained members for the STEM workforce, and the current system in place is failing to produce a
STEM-literate public (National Science and Technology Council, 2013). As previously stated,
the PISA assessed the United States as the 32nd of 71 in mathematics and 10th in science (PISA,
2018). Active learning strategies, such as PBL, would increase the number of students receiving
STEM degrees (Freeman et al., 2014). STEM identity, or the ability to see oneself as the kind of
person who could be a legitimate participant in STEM, increases students’ motivation to pursue a
STEM career as well as their overall sense of belonging within the field (Carlone & Johnson,
2007; Meyers et al., 2012).
It was hypothesized for this study that a STEM PBL intervention would have a positive
relationship with middle school students’ STEM identity and engagement. Across three time
periods, a pre-test, posttest, and third test three months following the conclusion of the
intervention, some significant changes were observed. For the sample as a whole, selfrecognition and recognition by others, two of the four foundational tenets of STEM identity,
increased significantly. Looking at each gender individually, girls showed a significant increase
in competence while boys showed significant increases in self-recognition and recognition by
others. Despite having a strong relationship with STEM identity, the only change in engagement
was an increase in girls’ cognitive engagement. No other changes in engagement were found.
Overall, this study shows that there is a relationship between middle school students’
participation in a STEM PBL unit and an increase in their STEM identity. This supports prior
research suggesting that curricular shifts be made to use PBL as a pedagogical strategy, and that
doing so could have a positive impact on how middle school students see themselves within
STEM. To fill the needs of our STEM workforce, we need to encourage students to see
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themselves as “STEM people” thereby pursuing STEM in the future. Implementing PBL into
middle school STEM curriculum is one way this can potentially be done. Future studies should
look to build on this by utilizing larger, more representative samples, observing changes over
longer periods of time, utilizing interventions with younger students, working with different
populations, and continuing to further understand the link between STEM identity and
engagement.
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Appendix A. STEM Identity and Engagement Survey

STEM Identity, Interest, and Engagement
Start of Block: Block 6

Q9
Please read before starting the survey:
We are asking you to take part in this research study because we are trying to learn more about
how participating in projects affects your interest in the fields of science, technology,
engineering, and mathematics (STEM).
If you agree to be in this study you will be asked to complete a 10-minute survey about your
interests in STEM. You will be asked to complete this survey three times: once before we start
our unit (October 2021), once when it is over (December 2021), and a final time in March 2022.
There is a chance some questions may make you feel uncomfortable. If so, you can skip any
questions you do not want to answer. Your name will not be anywhere in the survey, and your
answers will not be shared with anyone.
We hope this study will help us learn about the best methods for teaching students and STEM
classes.
If you don't want to be in this study, you don't have to participate. Remember, being in this study
is up to you. No one will be upset if you don't want to participate or even if you change your
mind later and want to stop.
You can ask any questions that you have about the study before you answer the survey or even
later. You can email me at jolivera@cgps.org.
Your decision to participate or not participate will have no effect on your grades or academic
status at Columbia Grammar and Prep.
Check the box below if you want to participate. You and your parents have been provided with a
copy of this form in the email you received about this study.
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If you want to participate in this research, please continue to the next page!

Q13 Please copy-and-paste the participant code (from your email) into the space below.
________________________________________________________________
End of Block: Block 6

Start of Block: Default Question Block

Q1 Please select your gender.

o Male (1)
o Female (2)
o Non-binary / third gender (3)
Q2 Please select your race/ethnicity.

o American Indian or Alaska Native (1)
o Asian (2)
o Black or African-American (3)
o Hispanic or Latinx (4)
o Native Hawaiian or Pacific Islander (5)
o White (6)
End of Block: Default Question Block

Start of Block: Block 1
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Q3
Instructions:
We would like to learn about your opinions of STEM (science, technology, engineering, and
mathematics). Please answer each question honestly. There are no right or wrong answers. You
can skip questions that you do not want to answer.
Some of the questions use the phrase "STEM Person." For those, think of a "STEM Person" as
someone who likes or is good at STEM activities right now or who might do STEM as part of a
job one day in the future.

Q5 Read each statement carefully. Select one of the answers that best describes how you feel
about the statement. Choices range from "Strongly Agree" down to "Strongly Disagree."
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Strongly Agree
(1)

Somewhat Agree
(2)

Somewhat
Disagree (3)

Strongly Disagree
(4)

Others ask me for
help on STEM
activites. (1)

o

o

o

o

I want to learn as
much as possible
about STEM. (2)

o

o

o

o

I love designing
things! (3)

o

o

o

o

I like to design
solutions to
problems during
STEM design
challenges. (4)

o

o

o

o

I think I am very
good at coming up
with questions and
problems related
to STEM. (5)

o

o

o

o

When I grow up I
want to work in
STEM. (6)

o

o

o

o

It is likely that
STEM will be part
of my job
someday. (7)

o

o

o

o

I am confident
that I can
understand STEM
activities in class.
(8)

o

o

o

o

I am able to do
well in activities
that involve
STEM. (9)

o

o

o

o

I can apply STEM
ideas to solve
challenges. (10)

o

o

o

o
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I usually
understand what
we are talking
about during
STEM activities.
(11)

o

o

o

o

When I grow up I
want to work on a
team with STEM
professionals. (12)

o

o

o

o

I have a role
model who is in
STEM. (13)

o

o

o

o

End of Block: Block 1

Start of Block: Block 2

154
Q6 Read each statement carefully. Select one of the answers that best describes how you feel
about the statement. Choices range from "Strongly Agree" down to "Strongly Disagree."
Strongly Agree
(1)

Somewhat Agree
(2)

Somewhat
Disagree (3)

Strongly Disagree
(4)

Someone in my
family works in
STEM. (1)

o

o

o

o

I see myself as a
STEM person. (2)

o

o

o

o

My teacher sees
me as a STEM
person. (3)

o

o

o

o

My best friends
see me as a STEM
person. (4)

o

o

o

o

Other kids in my
class see me as a
STEM person. (5)

o

o

o

o

My family sees
me as a STEM
person. (6)

o

o

o

o

My STEM teacher
sees me as a
STEM person. (7)

o

o

o

o

I feel like a STEM
person when I
apply STEM ideas
to my life. (8)

o

o

o

o

My parents would
like it if I choose a
STEM career. (9)

o

o

o

o

I know what kind
of work STEM
professionals do
for their jobs. (10)

o

o

o

o

Others think that I
would be good at
a STEM job. (11)

o

o

o

o

End of Block: Block 2
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Start of Block: Block 3

Q7
Please note that these statements have FIVE response options while the previous had only four.
Read each statement carefully. Select one of the answers that best describes how you feel about
the statement. Choices range from "Strongly Agree" down to "Strongly Disagree."
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Strongly
Agree (1)

Somewhat
Agree (2)

Neither Agree
nor Disagree
(3)

Somewhat
Disagree (4)

Strongly
Disagree (5)

I am able to
get a good
grade in my
science class.
(1)

o

o

o

o

o

I am able to
complete my
science
homework. (2)

o

o

o

o

o

I plan to use
science in my
future career.
(3)

o

o

o

o

o

I will work
hard in my
science
classes. (4)

o

o

o

o

o

If I do well in
science
classes, it will
help me in my
future career.
(5)

o

o

o

o

o

My parents
would like it if
I choose a
science career.
(6)

o

o

o

o

o

I am interested
in careers that
use science.
(7)

o

o

o

o

o

I like my
science class.
(8)

o

o

o

o

o

I have a role
model in a
science career.
(9)

o

o

o

o

o
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I would feel
comfortable
talking to
people who
work in
science
careers. (10)

o

o

o

o

o

I know of
someone in
my family
who uses
science in their
career. (11)

o

o

o

o

o

End of Block: Block 3

Start of Block: Block 4
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Q8 Read each statement carefully. Select one of the answers that best describes how you feel
about the statement. Choices range from "Strongly Agree" down to "Strongly Disagree."
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Strongly
Agree (1)

Somewhat
Agree (2)

Neither Agree
nor Disagree
(3)

Somewhat
Disagree (4)

Strongly
Disagree (5)

I go through
the work for
science class
and make sure
that it's right.
(1)

o

o

o

o

o

I think about
different ways
to solve a
problem. (2)

o

o

o

o

o

I try to
connect what I
am learning to
things I have
learned before.
(3)

o

o

o

o

o

I try to
understand my
mistakes when
I get
something
wrong. (4)

o

o

o

o

o

I would rather
be told the
answer than
have to do the
work. (5)

o

o

o

o

o

I don't think
that hard when
I am doing
work for class.
(6)

o

o

o

o

o

When work is
hard, I only
study the easy
parts. (7)

o

o

o

o

o

I do just
enough to get
by. (8)

o

o

o

o

o

I stay focused.
(9)

o

o

o

o

o
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I put effort
into learning
science. (10)

o

o

o

o

o

I keep trying
even if
something is
hard. (11)

o

o

o

o

o

I complete my
homework on
time. (12)

o

o

o

o

o

I talk about
science
outside of
class. (13)

o

o

o

o

o

I do other
things when I
am supposed
to be paying
attention. (14)

o

o

o

o

o

If I don't
understand I
give up right
away. (15)

o

o

o

o

o

I don't
participate in
class. (16)

o

o

o

o

o

End of Block: Block 4

Start of Block: Block 5
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Q9 Read each statement carefully. Select one of the answers that best describes how you feel
about the statement. Choices range from "Strongly Agree" down to "Strongly Disagree."
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Strongly
Agree (1)

Somewhat
Agree (2)

Neither Agree
nor Disagree
(3)

Somewhat
Disagree (4)

Strongly
Disagree (5)

I look forward
to science
class. (1)

o

o

o

o

o

I enjoy
learning new
things about
science. (2)

o

o

o

o

o

I want to
understand
what is learned
in science
class. (3)

o

o

o

o

o

I feel good
when I am in
science class.
(4)

o

o

o

o

o

I often feel
frustrated in
science class.
(5)

o

o

o

o

o

I think that
science class is
boring. (6)

o

o

o

o

o

I don't want to
be in science
class. (7)

o

o

o

o

o

I don't care
about learning
science. (8)

o

o

o

o

o

I often feel
down when I
am in science
class. (9)

o

o

o

o

o

I get worried
when I learn
new things
about science.
(10)

o

o

o

o

o
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I build on
others' ideas.
(11)

o

o

o

o

o

I try to
understand
other people's
ideas in
science clas.
(12)

o

o

o

o

o

I try to work
with others
who can help
me in science.
(13)

o

o

o

o

o

I try to help
others who are
struggling in
science. (14)

o

o

o

o

o

I don't care
about other
people's ideas.
(15)

o

o

o

o

o

When working
with others, I
don't share
ideas. (16)

o

o

o

o

o

I don't like
working with
classmates.
(17)

o

o

o

o

o

End of Block: Block 5
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Appendix B. Parental Consent Form
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Appendix C. Participant Assent Form
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Appendix D. Intervention Unit Plan

173

174

175

